REMARKS 
Amendments 

Claim 36 has been amended. Upon entry of the amendment, claims 36-41, 47 and 48 will 
be pending. Support for the amendments to the claims can be found in the specification, for 
example, page 6, lines 23-36; page 13, line 12 to page 14, line 6; Example 1; the Figures; and in 
the claims as originally filed. 

The foregoing amendments are made solely to expedite prosecution of the application 
and are not intended to limit the scope of the invention. Further, the amendments to the claims 
are made without prejudice to the pending or now canceled claims or to any subject matter 
pursued in a related application. The Applicant reserves the right to prosecute any canceled 
subject matter at a later time or in a later filed divisional, continuation, or continuation-in-part 
application. 

Rejections 

Rejections under 35 U.S.C. §101 

The Examiner has maintained the rejection claims 36-41, 47 and 48 under 35 U.S.C. § 
101 because the claimed invention is allegedly not supported by either a specific or substantial 
asserted utility or a well-established utility. 

Applicant respectfully traverses the rejection. Claim 36 as amended is drawn to a 
transgenic mouse whose genome comprises a homozygous disruption in the glucocorticoid- 
induced receptor gene; wherein the mouse lacks production of functional glucocorticoid-induced 
receptor and exhibits hyperactivity, reduced anxiety, decreased propensity toward behavioral 
despair or decreased propensity toward depression compared to a wild-type control mouse. 
According to 35 U.S.C. § 101, "[w]hoever invents . . . any new and useful . . . composition of 
matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (0 a person of 
ordinary skill in the art would immediately appreciate why the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial and credible . 
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If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utility . 

(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). 
The standard for " credible " is defined as: 

. . . whether the assertion of utility is believable to a person of ordinary skill in the art 
based on the totality of evidence and reasoning provided. An assertion is credible unless 
(A) the logic underlying the assertion is seriously flawed, or (B) the facts upon which the 
assertion is based are inconsistent with the logic underlying the assertion. 

(MPEP 2107.02, EI(B)(emphasis added). 

According to the Patent Office's own guidance to Examiners: 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts . 

Generally speaking, in these rare cases , the 35 U.S.C. 101 rejection was sustained either 
because the applicant failed to disclose any utility for the invention or asserted a utility 
that could only be true if it violated a scientific principle, such as the second law of 
thermodynamics, or a law of nature , or was wholly inconsistent with contemporary 
knowledge in the art. In re Gazave, 379 F.2d 973, 978, 154 USPQ 92, 96 (CCPA 1967). 
Special care therefore should be taken when assessing the credibility of an asserted 
therapeutic utility for a claimed invention. In such cases, a previous lack of success in 
treating a disease or condition, of the absence of a proven animal model for testing the 
effectivenss of drugs for treating a disorder in humans, should not, standing alone, serve 
as a basis for challenging the asserted utility under 35 U.S.C. 101 . 

(MPEP 2107.02, LI(B)(emphasis in original and added). The Guidelines additionally 
provide that: 

There is no predetermined amount or character of evidence that must be provided by an 
applicant to support an asserted utility, therapeutic or otherwise. Rather, the character 
and amount of evidence needed to support an asserted utility will vary depending on what 
is claimed (citations omitted), and whether the asserted utility appears to contravene 
established scientific principles and beliefs , (citations omitted). Furthermore, the 
a pplicant does not have to provide evidence sufficient to establish that an asserted utility 
is true "beyond a reasonable doubt." (citations omitted). Nor must an applicant provide 
evidence such that it establishes an asserted utility as a matter of statistical certainty . 
Nelson v. Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980)(reversing 
the Board and rejecting Bowler's arguments that the evidence of utility was statistically 
insignificant . The court pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 



(MPEP 2107.02, VII)(emphasis added). 

Thus, according to Patent Office guidelines, a rejection for lack of utility may not be 
imposed where an invention has a well-established utility or is useful for any particular practical 
purpose. The present invention satisfies either standard. 

The present invention has a well-established utility since a person of ordinary skill in 
the art "would immediately appreciate why" knockout mice are useful. As a general principle, 
knockout mouse have the inherent and well-established utility of defining the function and role 
of the disrupted target gene , regardless of whether the inventor has described any specific 
phenotypes, characterizations or properties of the knockout mouse. The sequencing of the 
human genome has produced countless genes whose function has yet to be determined. 

According to the National Institute of Health, knockout mice represent a critical tool in 

studying gene function: 

Over the past century, the mouse has developed into the premier mammalian 
model system for genetic research . Scientists from a wide range of biomedical 
fields have gravitated to the mouse because of its close genetic and physiological 
similarities to humans, as well as the ease with which its genome can be 
manipulated and analyzed. 

In recent decades, researchers have utilized an array of innovative genetic 
technologies to produce custom-made mouse models for a wide array of specific 
diseases, as well as to study the function of targeted genes . One of the most 
important advances has been the ability to create transgenic mice, in which a new 
gene is inserted into the animal ! s germline. Even more powerful approaches, 
dependent on homologous recombination, have permitted the development of 
tools to "knock out" genes, which involves replacing existing genes with altered 
versions ; or to "knock in" genes, which involves altering a mouse gene in its 
natural location. To preserve these extremely valuable strains of mice and to 
assist in the propagation of strains with poor reproduction,, researchers have taken 
advantage of state-of-the-art reproductive technologies, including 
cryopreservation of embryos, in vitro fertilization aiid ovary transplantation. 

(littp://www.genome.gov/pfv.cfm?pageid=10005834) (emphasis added)(copy attached). 
Thus, the knockout mouse has been accepted by the NIH as the premier model for determining 
gene function, a utility that is specific, substantial and credible. 

Knockout mice are so well accepted as tools for determining gene function that the 
director of the NIH Chemical Genomics Center of the National Human Genome Research 



Institute (among others, including Capecchi, Bradley, Joyner, Nagy and Skarnes) has proposed 
creating knockout mice for all mouse genes; 

Now that the human and mouse genome sequences are known, attention has turned 
to elucidating gene function and identifying gene products that might have therapeutic 
value. The laboratory mouse (Mus musculus) has had a prominent role in the study of 
human disease mechanisms throughout the rich, 100-year history of classical mouse 
genetics, exemplified by the lessons learned from naturally occurring mutants such as 
agouti, reeler and obese. The large-scale production and analysis of induced genetic 
mutations in worms, flies, zebrafish and mice have greatly accelerated the understanding 
of gene function in these organisms. Among the model organisms, the mouse offers 
particular advantages for the study of human biology and disease: (i) the mouse is a 
mammal, and its development, body plan, physiology, behavior and diseases have much 
in common with those of humans; (ip almost all (99%) mouse genes have homologs in 
humans; and (in) the mouse genome supports targeted mutagenesis in specific genes by 
homologous recombination in embryonic stem (ES) cells, allowing genes to be altered 
efficiently and precisely . 

A coordinated project to systematically knock out all mouse genes is likely to be of 
enormous benefit to the research community , given the demonstrated power of knockout 
mice to elucidate gene function, the frequency of unpredicted phenotypes in knockout 
mice, the potential economies of scale in an organized and carefully planned project, and 
the high cost and lack of availability of knockout mice being made in current efforts. 

(Austin et al., Nature Genetics (2004) 36(9):921-24, 921)(emphasis added)(copy 
attached). 

With respect to claims drawn to transgenic mice having a null allele, the following 
comments from Austin are relevant: 

Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene . Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene. 

(p. 922)(emphasis added). 

Research tools such as knockout mice are clearly patentable, as noted by the Patent 

Office: 

Some confusion can result when one attempts to label certain types of inventions 
as not being capable of having a specific and substantial utility based on the 
setting in which the invention is to be used . One example is inventions to be used 



in a research or laboratory setting. Many research tools such as gas 
chromato graphs, screening assays, and nucleotide sequencing techniques have a 
clear, specific and unquestionable utility (e.g., they are useful in analyzing 
compounds) . An assessment that focuses on whether an invention is useful only 
in a research setting thus does not address whether the invention is in fact "useful" 
in a patent sense. Instead, Office personnel must distinguish between inventions 
that have a specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm. Labels such as 
"research tool," "intermediate" or "for research purposes" are not helpful in 
determining if an applicant has identified a specific and substantial utility for the 
invention. 

(MPEP § 2107.01, 1). As with gas chromatographs, screening assays and nucleotide 
sequencing techniques, knockout mice have a clear, specific and unquestionable utility (e.g., they 
are useful in analyzing gene function). Applicant respectfully submits that this is not a case 
where a composition of matter is itself being studied in order to establish a utility for the 
composition, as suggested by the Examiner. Rather, the knockout mouse is being studied to 
determine the function of the glucocorticoid-induced receptor gene. 

The utility of knockout mice, such as the claimed mouse, for analyzing the function of 

the target gene, is clearly recognized by those skilled in the art. For example, according to the 

Molecular Biology of the Cell (Albert, 4 th ed., Garland Science (2002)) (copy of relevant pages 

attached), one of the leading textbooks in the field of molecular biology: 

Extensive collaborative efforts are underway to generate comprehensive libraries of 
mutation in several model organisms including ... the mouse. The ultimate goal in each 
case is to produce a collection of mutant strains in which every gene in the organism has 
either been systematically deleted, or altered such that it can be conditionally disrupted. 
Collections of this type will provide an invaluable tool for investigating gene function on 
a genomic scale. 

(p. 543)(emphasis added). 

According to Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages 

attached), another well respected textbook in the field of genetics: 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene. This is a 
powerful method to investigate directly the importance and function of the gene . 



(p. 508)(emphasis added). 

According to Joyner (Gene Targeting: A Practical Approach, Oxford University Press 

2000) (copy of relevant pages attached),: 

Gene targeting in ES cells offers a powerful approach to study gene function in a 
mammalian organism . 

(preface)(emphasis added). 

According to Matise et al. (Production of Targeted Embryonic Stem Cell Clones in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000)(copy of relevant 
pages attached): 

The discovery that cloned DNA introduced into tissue culture cells can undergo 
homologous recombination at specific chromosomal loci has revolutionized our ability to 
study gene function in cell culture and in vivo . . . . Thus, applying gene targeting 
technology to ES cells in culture affords researchers the opportunity to modify 
endogenous genes and study their function in vivo . 

(p. 101)(emphasis added). 

According to Crawley (What's Wrong With My Mouse Behavioral Phenotyping of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Targeted gene mutation in mice represents a new technology that is revolutionizing 
biomedical research . 

Transgenic and knockout mutations provide an important means for understanding gene 
function, as well as for developing therapies for genetic diseases. 

(p. 1, rear cover)(emphasis added). 

In addition, commercial use and acceptance is an important indication that the utility of 
an invention has been recognized by one of skill in the art ("A patent system must be related to 
the world of commerce rather than to the realm of philosophy.' 5 Brenner v Manson, 383 U.S. 
519, 148 U.S.P.Q. 689, 696 (1966)). Commercial use of the knockout mice produced by 
Assignee Deltagen has been clearly established. At least two large pharmaceutical companies 
have ordered the presently claimed transgenic mouse. This acceptance more than satisfies the 
practical utility requirement of section 101 as it cannot be reasonably argued that a claimed 
invention which is actually being used by those skilled in the art has no "real world" use. 
(see, for example, Phillips Petroleum Co. v. U.S. Steel Corp., 673 F. Supp. 1278, 6 U.S.P.Q.2d 



1065, 1104 (D. Del. 1987), affd, 865 R2d 1247, 9 U.S.P.Q.2d 1461 (Fed. Cir. 1980)( 6 iack of 
practical utility cannot co-exist with infringement and commercial success); (Lipscomb's Walker 
on Patents, §5:17, p. 562 (1984)("Utility may be evidenced by sales and commercial demand.") 

Applicant submits that since one of ordinary skill in the art would immediately recognize 
the utility of a knockout mouse in studying gene function, a utility that is specific, substantial and 
credible, the invention has a well-established utility, thus satisfying the utility requirement of 
section 101. On this basis alone, withdrawal of the rejection with respect to the present invention 
is warranted, and respectfully requested. 

In addition, the claimed invention is useful for a particular purpose . The Applicant 
has demonstrated and disclosed specific phenotypes of the presently claimed mice, e.g., 
hyperactivity, reduced anxiety, and decreased propensity toward depression or behavioral 
despair. Utility of the claimed knockout mouse would be apparent to, and considered credible 
by, one of skill in the art, as the role of knockout mice in studying these conditions, e.g. 
depression or hyperactivity, is both specific and substantial. 

The Examiner's rejection is based in part on the allegation that the phenotypes do not 
correlate with human disease. The Examiner's arguments are similar to arguments made by the 
Patent Office with respect to pharmaceutical compounds the utility of which were based on 
murine model data, arguments which were dismissed by the Federal Circuit in In re Brana (34 
U.S.P.Q.2d 1436)(Fed. Cir. 1995). The case involved compounds that were disclosed to be 
effective as anti-tumor agents and had demonstrated activity against murine lymphocytic 
leukemias implanted in mice. The court ruled that the PTO had improperly rejected, for lack of 
utility, claims for pharmaceutical compounds used in cancer treatment in humans, since neither 
the nature of invention nor evidence preferred by the PTO would cause one of ordinary skill in 
art to reasonably doubt the asserted utility. 

The first basis for the Board's holding of lack of utility (the Board adopted the 
examiner's reasoning without any additional independent analysis) was that the specification 
failed to describe any specific disease against which the claimed compounds were useful, and 
therefore, absent undue experimentation, one of ordinary skill in the art was precluded from 
using the invention. {In re Brana at 1439-40). The Federal Circuit reasoned that the leukemia 
cell lines were originally derived from lymphocytic leukemias in mice and therefore represented 
actual specific lymphocytic tumors. The court concluded that the mouse tumor models 



represented a specific disease against which the claimed compounds were alleged to be effective. 
(In re Br ana at 1440). 

The Board's second basis was that even if the specification did allege a specific use, the 
applicants failed to prove that the claimed compounds were useful. 

The Federal Circuit responded: "[A] specification disclosure which contains a teaching of 
the manner and process of making and using the invention in terms which correspond in scope to 
those used in describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first paragraph of Section 1 12 unless there is 
reason to doubt the objective truth of the statements contained therein which must be relied on 
for enabling support." (Brana at 1441, citing In reMarzocchU 439 F.2d 220, 223, 169 USPQ 
367, 369 (CCPA 1971)). From this it followed that the PTO has the initial burden of 
challenging a presumptively correct assertion of utility in the disclosure. Only after the PTO 
provides evidence showing that one of ordinary skill in the art would reasonably doubt the 
asserted utility does the burden shift to the applicant to provide rebuttal evidence sufficient to 
convince such a person of the invention's asserted utility. (Id.) 

The court held that the Patent Office had not met its burden. The references cited by the 
Board did not question the usefulness of any compound as an antitumor agent or provide any 
other evidence to cause one of skill in the art to question the asserted utility of applicants' 
compounds. Rather, the references merely discussed the therapeutic predictive value of in vivo 
murine tests — relevant only if the applicants were required to prove the ultimate value in 
humans of their asserted utility . The court did not find that the nature of the invention alone 
would cause one of skill in the art to reasonably doubt the asserted usefulness. The purpose of 
treating cancer with chemical compounds did not suggest an inherently unbelievable undertaking 
or involve implausible scientific principles . (Id,) 

The Court concluded that one skilled in the art would be without basis to reasonably 
doubt the asserted utility on its face. The PTO had not satisfied its initial burden. Accordingly, 
the applicants should not have been required to substantiate their presumptively correct 
disclosure to avoid a rejection under the first paragraph of Section 112. (Id.) 

As in Brana, Applicant has asserted that the claimed invention is useful for a particular 
practical purpose, an assertion that would be considered credible by a person of ordinary skill in 
the art. As discussed above, the claimed mice have demonstrated specific phenotypes. The 



acceptance among those of skill in the art of knockout mice demonstrating such properties is 
clearly demonstrated. 

Definitive proof that the phenotypes observed in the null mouse would be the same as 

those observed in humans is not a prerequisite to satisfying the utility requirement. It is enough 

that the claimed mouse demonstrates phenotypes, relative to a wild type control mouse, and that 

knockout mice are recognized in the art as models for determining gene function, both in mice 

and in humans. According to Austin et al.: 

Among the model organisms, the mouse offers particular advantages for the study of 
human biology and disease: (i) the mouse is a mammal and its development, body plan, 
physiology, behavior and diseases have much in common with those of humans ; (ii) 
almost all (99%) mouse genes have homologs in humans ; and (iii) the mouse genome 
supports targeted mutagenesis in specific genes by homologous recombination in 
embryonic stem (ES) cells, allowing genes to be altered efficiently and precisely. 

(p. 921)(emphasis added). 

In addition, as pointed out by Doetschman, one clearly skilled in the art, {Laboratory 

Animal Science 49:137-143, 137 (1999)(copy attached), the phenotypes observed in mice do 

correlate to gene function: 

The conclusions will be that the knockout phenotypes do, in fact, provide accurate 
information concerning gene function, that we should let the unexpected phenotypes lead 
us to the specific cell, tissue, organ culture, and whole animal experiments that are 
relevant to the function of the genes in question, and that the absence of phenotype 
indicates that we have not discovered where or how to look for a phenotype. 

(emphasis added). 

In Brana, the claimed compound had demonstrated activity against a murine tumor 
implanted in a mouse. Yet, the Federal Circuit found that utility had been demonstrated. Here, 
the invention relates to a disruption in a murine gene in a mouse. Like the tumor mouse model, 
the knockout mouse with a specific gene disrupted is a widely accepted model, the utility of 
which would be readily accepted in the art. It is submitted that one skilled in the art would be 
without basis to be reasonably doubt Applicant's asserted utility, and therefore the Examiner has 
not satisfied the initial burden. 

In summary, Applicant submits that the claimed transgenic mouse, regardless of any 
disclosed phenotypes, has inherent and well-established utility in the study of the function of the 
gene, and thus satisfies the utility requirement of section 101. Moreover, Applicant believes that 



the transgenic mice are useful for studying glucocorticoid-induced receptor gene function with 
respect to its role in depression and hyperactivity; and are therefore useful for a specific practical 
purpose that would be readily understood by and considered credible by one of ordinary skill in 
the art. 

In light of the arguments set forth above, Applicant believes all concerns relating to the 
utility of the claimed mice have been addressed. Applicant does not believe that the Examiner 
has properly established a prima facie showing that it is more likely than not that a person of 
ordinary skill in the art would not consider that any utility asserted by Applicant would be 
specific and substantial. {In reBrana; MPEP § 2107). 

Withdrawal of the rejection is respectfully requested. 

Rejection under 35 U.S.C. § 112, first paragraph 

The Examiner has rejected claims 36-41, 47 and 48 because one skilled in the art would 
allegedly not know how to use the claimed invention as a result of the alleged lack of either a 
specific or substantial asserted utility or a well-established utility for the reasons set forth in the 
utility rejection. Applicants respectfully traverse the rejection. For the reasons set forth above, 
the claimed invention satisfies the utility requirement. Therefore, one skilled in the art would 
know how to use the invention. 

Further, the Examiner has maintained the enablement rejection on the grounds that the 
specification fails to enable the claimed mice comprising a disruption in the glucocorticoid- 
induced receptor gene wherein the mouse is of any genetic background. Specifically, the 
Examiner argues that the specification does not teach any other means of obtaining the claimed 
phenotype with any genetic background other than that which results from backcrossing the 
F1N0 mice to C57B1/6 mice. 

Applicant respectfully disagrees with the Examiner's position. The Examiner has not 

provided any support for the assertion that mice produced by the methods disclosed in the 

specification would not lead to a consistent phenotype. Applicant respectfully reminds the 

Examiner that, according to the Federal Circuit: 

a specification disclosure which contains a teaching of the manner and process of making 
and using the invention in terms which correspond in scope to those used in describing 
and defining the subject matter sought to be patented must be taken as in compliance with 
the enabling requirement of the first paragraph of Section 1 12 unless there is reason to 



doubt the ob jective truth of the statements contained therein which must be relied on for 
enabling support. 

(In re Brand). 

The statements made by the Examiner have not provided any reason or rationale to doubt 
the objective truth of the statements made in the specification. The conclusions presented in the 
specification are based on detailed analyses of the mice by those skilled in the art, which 
concluded that the null disruption of the glucocorticoid-induced receptor resulted in the disclosed 
phenotypes. The influence of genetic background on phenotype was already factored into their 
analyses. Unless the Examiner has reason to doubt the credibility of the reported results, the 
burden remains on the Examiner to set forth a prima facie case. Unless and until the Examiner is 
able to do so, the Applicant respectfully requests withdrawal of the rejections. 

The Examiner argues that a phenotype is unpredictable and is influenced by genetic 
background. Applicant submits that predicting phenotypes a priori must be distinguished from 
reproducibility of the phenotype of the claimed mouse. Applicant has demonstrated the 
phenotypic effect of disruption of the glucocorticoid-induced receptor. The general rule is that 
disruption of the coding sequence by a positive selection marker, as taught in the specification, 
will result in a null allele, which by definition involves ablation of gene function (see, for 
example, Hasty et aL, Gene Targeting, Principles, and Practice in Mammalian Cells in Gene 
Targeting: A Practical Approach, ed. Joyner, Oxford University Press 2000, p. 5). Ablation of 
function is expected to result in the same phenotypic response. No evidence to the contrary has 
been presented by the Examiner. 

This is supported by the teachings in the art. As an example, Bilkie-Gorzo et al. 

(Psychopharmacology t Vol. 176(3-4), pages 343-52 (2004)) studied the effect of genetic 

background on behavioral phenotypes of pre-proenkephalin-deficient mice: 

RATIONALE. The phenotype of genetically modified animals is thought to 
result from an interaction of gene manipulation with the genetic background 
and environmental factors. OBJECTIVES. To test the behavioral and drug 
responses of Penkl(-/-) mice on different genetic backgrounds. METHODS. 
Congenic C57BL/6J and DBA/2 J mouse strains with a targeted deletion of 
the Penkl gene were generated. Behavior and drug effects were tested in 
models of pain and anxiety. RESULTS. Penk !(-/-) mice showed 
exaggerated responses to painful or threatening environmental stimuli, but 
the expressivity of the mutant phenotype was strongly dependent on the 
behavioral paradigm and on the genetic background . For example, elevated 



levels of anxiety were readily detectable in C57BL/6J-Penkl(-/-) mice in the 
light-dark and startle response tests, but not in the social interaction test. In 
contrast, we found elevated levels of anxiety in DBA/2J-Penkl(-/-) mice 
only in the zero-maze and social interaction tests. In some cases, the 
idiosyncratic behavior masked the appearance of the knockout gene effect. 
The activity of the anxiogenic drug, m-chlorophenylpiperazine, but not the 
anxiolytic drug diazepam, was strain and genotype dependent. Mice with 
the Penkl mutation on the DBA/2 J, but not on other genetic backgrounds, 
showed an increased opioid-dependent stress-induced analgesia. 
CONCLUSIONS. (1) The behavioral effects of the Penkl gene deletion 
persists on different genetic backgrounds, but its detection sometimes 
requires the use of different behavioral paradigms. (2) The behavior of the 
background strain should be considered in the analysis of knockout mice to 
avoid floor and ceiling effects, which may mask the phenotype. 

(abstract)(emphasis added). Thus, the overall phenotypic effect of the deletion persisted 
regardless of genetic background. 

Applicant submits that the claimed invention, a transgenic mouse having a disrupted 
glucocorticoid-induced receptor gene, is fully enabled by the specification. Applicant 
respectfully requests withdrawal of the rejection. 

In view of the above amendments and remarks, Applicant respectfully requests a Notice 
of Allowance. If the Examiner believes a telephone conference would advance the prosecution 
of this application, the Examiner is invited to telephone the undersigned at the below-listed 
telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any 
overpayment to Deposit Account No. 13-2725. 
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Background on Mouse as a Model Organism 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a wide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as well as the ease with which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma. In addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animal's relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genetically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and AIDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
useful, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
function of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerful 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing existing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 



developed in the early 1920s by The Jackson Laboratory founder Clarence Cook Little. 

Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition, The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Down syndrome results from an extra copy of 
chromosome 21, an abnormality known as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, learning, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled Trp53 tumor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also known as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most common form of diabetes and occurs primarily after age 40. The 
leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: Cpef at , Lep ob , Lepr db and tub, 

• Epilepsy - The !, slow-wave epilepsy," or swe, mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most often in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 



three months of birth (even on a low- fat diet) are characteristics of several experimental models for 
human atherosclerosis; the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd mdx mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa cell tumors, a common and very serious 
form of malignant ovarian tumor in young girls and post-menopausal women. 

Contact Geoff Spencer NHGRI Phone: (301) 402-091 1 
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The Knockout Mouse Project 

Mouse knockout technology provides a powerful mea m of elucidating gene function in tko t and a publicly available 
genome-wide collection of mouse knockouts would be significantly enabling for biomedical discovery. To date, published 
knockouts exist for only about 10% of mouse genes, F Whermore, many of these are limited in utility because they have 
not been made or phenotyped in standardized ways, and many are not freely available to researchers. It is time to harness 
new technologies and efficiencies of production to mount a high-throughput international effort to produce and 
phenotype knockouts for all mouse genes, and place these resources into the public domain. 



t 



Now that Che human and mouse genome 
sequence* are known *~ 5 , attention has turned 
to elucidating gene function and identifying 
gene products lint might have therapeutic 
value* The labor atary mouse (Afus mus&itw} 
has had a prominent role in the study of 
human disease rncduniims throughout the 
rich, 100-year history of classical moose genet- 
ics, exemplified by the lessens learned from 
naturally occurring mutants such as agouti*, 
reefer 5 and obese* Jht large-scale produ^n 
and analysis of induced genetic mutation* in 
worms, Qks, zrbralish and mice have greatly 
accelerated the understanding of gene function 
in these organisms. Among the model organ- 
isms, the mouse offers particular advantages 
for the study of human biology and disease: 61 
the mouse U a mammal and its development, 
body plan* pliysiokigy, behavior and diseases 
have much in common with those of humans; 
(fi) almost all (99%) mouse genes have 
homology in hum am; and (in) the mouse 
genome supports targeted mutagenesis in spe- 
cific genes by homologous recotnhinafran in 
embryonic ucm (ES) cells, allowing genes to be 
altered efficiently and precisely.. 

The ability to disrupt, or knock out, a ape- 
dffc gene in ES cells and mice was developed 
in the late 1920s ( n(. 7), and the use of knock- 
out m ice has led to many insight* into human 
toolo&y and disease* -11 . Current technology 
also permits insertion ofreporler* genes into 
the knocked -out gene, which can then be 
used to determine the temporal and spatial 

Ttu Comprehensive Kna<kout Moutc 
Project CotiiartiwH* 

*Authvr* and titzir nffiluitiQiii art listed at the 
end of the paper. 



expression pattern of the knocked-out gene in 
mouse tissues. Such marking of cells by a 
reporter gene fadHtates the identification of 
new cell type* according to their gene expres- 
sion patterns and allows further characteriza- 
tion of marked tissues and single cells. 

Appreciation of the power of mouse genet* 
ks to Inform the study of mammalian physi- 
ology and disease* coupled with the advent of 
the mouse genome sequence and the ease of 
producing mutated allele^ has catalyzed pub- 
lic and private sector inttiatiyes to produce 
mouse mutants on a large scale, with the goal 
of eventually knocking out a substantial por* 
titan of the mouse genome 1 ** i3 . Large-scale, 
publicly fended gene-trap programs have 
been initiated in several countries* with the 
International Gene Trap Consortium coordi- 
nating certain efforts and resources* 4 "'?. 

Despite these e&ortsv the total number of 
knockout mice described in the literature Is 
reJath«dy modest, corresponding to only -10% 
of the -25,000 mouse genes. The curated 
Mouse Knockout & Mutation Database lists 
2,669 unique genes (C Rambone, personal 
communication)* the curated Mouse Genome 
Database lists lfi47 unique genes, and mi 
analysts at Lockon Genetics identified 2*492 
unique genes fh\&, unpublished data). Most 
of these knockouts are not readily available to 
scientist* who may vant to use them in their 
research; tor example, only 415 unique genes 
are represented as targeted mutations in the 
Jackson Laboratory's Induced Mutant 
Resource database (S. Rockwood, personal 
communication). 

The converging interests of multiple mem* 
be» of the genomics community led to a meet- 
ing to discuss the advisability and feasibility of 



a dedicated project to produce knockout alleles 
for sB mouse genes and place them into the 
public domain. The meeting took place from 
30 September to 1 October 2003 at the 
Banbury Convenes Center at Cold Spring 
Harbor Laboratory. The attendees of the meet- 
ing are the authors of this paper, 

H a systematic project warranted? 
A coordinated project to systematically knock 
out all mouse genes is Kiceiy to be of enormous 
benefit to the research cornmunity, given the 
demonstrated power of loiock>utmicc to eluci- 
date gene itmctkav the frequency of unpre- 
dieted phenotypes in knockout mice, the 
potential economies of scale m an organized 
and«renjUyplarmcd project, and the high cost 
and lade of availability of knockout mux being 
made in current efforts. Moreover, implement- 
ing «"Ji a systematic and comprtlvensive plan 
will greatly accelerate the trajislatfon of genome 
sequences into bipiogicsl insights. Knockout ES 
cells and mice currently available from the pub* 
lie and private sectors should be trKorporated 
into the genome-wide mitiarivie as much as 
possible, although some may be need to be pro* 
doced again if they were made withsubopUmal 
methods not including a marker) or if 
their use is restricted by intellectual property or 
other constraiitite, The advantages of such a sys- 
tematic and coordinated effort indudccEBdfDt 
production with reduced costs; uniform use of 
knockout methods, allowing for more compa- 
rability between knockout mice; and ready 
acccs* to mice, their derivatives and dam to oil 
researchers without encumbrance, Solutions to 
the logistical, organizational and informatics 
issues associated with producing* characteriz- 
ing and distributing such a large number of 
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fym i Strutter* Of nSgurte pf c^UCtlon itt lh6 proposed KGKSP, tf Sing th* mous* genom* SfccUfefiee 
«s a foundation, knsjcfcout alleles in ES cells wnl be produced for all genes. A subset ct ES ceil 
MiocteKFte win be used each year to produce knockout mice, deter mis* Ute e*|tfe$sion patsera ot the 
targeted gene in 9 variety of tissues and carry cut wrqening-tevel (Tier 1} pheno typing. In a subset of 
mouse lines, iTanscriptoene analysts and more detailed system-specific {Tt& 2} pltefcoiyptrig will be 
done. Finally, specialized pherastyping will be done on a smaller number of mouse tines with 
particular interesting phsBOtvpes. AS stages wittocair vtitftiii tfc$ pundew of- the KOMP except tor the 

specialized phertcjypmg, which will occur in individual laboratories with parttcutarexpertise. 



micc will draw from the experience of related 
projects in the private sector and in acadenua, 
which have nude or phenaryped hundreds of 
knockout mice using a variety of techniques. 
Lessons teamed from these projects mdudt the 
need for redundancy at each step to mitigate 
pipeline bottlenecks and the need for robust 
mformatki system* to track the production, 
analysis, maintenance and dktribtnion of thou- 
sands of targeting constructs, ES edls and mice. 

Nu&reporter allele* should be created 
The project should generate alleles that are 
as uniform as possible, to allow efficient pro- 
duction and comparison of mouse pheno- 
types. The allele* should achieve a balance of 
utility; ftexihility, mrnugbput and cost A 
null allele Is an indispensable starting point 
for studying the function of every gene. 
Inserting a reporter gene p-gakcto*i- 
dase or green fluorescent protein} allow* a 
rapid assessment of which cell type* nor- 
mally support the expression of that gene. 
Therefore,, we propose to produce a null- 
reporter alkie for each gene. Making each 
mutation conditional in nature by adding 
cft-clements JcucP or FRT site*) would 



be desirable, but we do not advocate this as 
part of the mutagen-csU strategy unless the 
technological limitations currently associ- 
ated with generating conditional targeted 
mutations on a large scale and tn a cost- 
effective manner can be overcome, 

A combination of method* should bes u$«id 
Various rncthods can be used to create 
mutated allciev including gate targeting, 
gene trapping dud RNA interference. 
Advantages of conventional gene targeting 
include flexibility in design of alleles, lack of 
limitation to integration hot spots, reliability 
for producing complete lo$s-of-f\mclion alle- 
les* ability to produce reporter knock*ins and 
conditional alleles, and ability to target splice 
variants and alternative promoters. BAG- 
based targeting has the potential advantages 
of higher rcconibtnation efficiencies and flex- 
ibility for producing complex mutated alle- 
les 1 *. Gene trapping 1* rapid, is co«-<rffccttve 
and produces a large variety of insertion*! 
mutations throughout the genome but can be 
somewhat less 8cx^bJ* ,7 ♦ 1 *" 1, . There if uncer- 
tainty regarding the percentage of gene traps 
that produce a true null allele and the fraction 



of the genome that can ultimately be covered 
by gene-trap mutations. Trapping is not 
entirely random but shows preference for 
larger transcription units and genes more; 
highly expressed in ES cells. In recent studies, 
gene trapping was estimated to potentially 
produce null alkka for 50-60% of ail genes, 
perhaps moje if a variety of gene-trap vectora 
with different insertion characteristics is 
used**** 1 . RNA interference otters enormous 
promise for analysis of gene function in 
mice* 1 but ii not yet sufficiently developed for 
large-scale production of gene modifications 
capable of reliably producing true null alleles. 
Both gene-targeting and gene-trapping meth- 
ods are suitable for producing large numbers 
of knockout alleles, and, given their comple- 
mentary advantages, a combination of these 
methods should be used to produce the 
genome- wide collection of null-reporter alle- 
les most efficiently. 

What should the deliverables be? 
A genome- wide biockou* mouse project 
could deliver to the research community a 
trove of valuable reagents and data, including 
targeting and trapping construct* and vec- 
tors, mutant ES cell lines, live mice, frotcn 
sperm, frozen embryos, phersotypk data at a 
variety of levels and detail, and a database 
with data visualisation and mining tools. At a 
minimum, we bdieve that a comprehensive 
getiGmtywide resource of mutant ES cell lines 
from an inbred strain, each with a different 
gene knocked out, should be produced and 
made available to the community. Choosing 
an inbred line (129/SvEvTac or CSTBLteJ), 
and evaluating the alternative of using F L ES 
cells and tetraploid aggregation to provide 
potential time savings, merits addit ional sci- 
entific review and discus$ion JW4 . ES cdis 
should be converted into mice at a rate con- 
sistent with project funding and the ability of 
the worldwide scientific community to ana* 
1>tc them. Although the value and cost-effec- 
tiveness of systematically characterizing the 
mice is a matter of debate, a limited set of 
broad and coxt-eflfeaive sxreens, probably 
including assessment of developmental 
lethality* physical examination, basic blood 
tests, and histochemical analysis of reporter 
gene expression, would be useful. More 
detailed phenotyping, based on findings 
from the initial screen or existing knowledge 
of the gene's function, could be done at spe- 
cialiTed centers. All E$ cell clones and mice 
(as froxen embryos or sperm) should be 
available to any researcher tt minimal cost, 
and all mouse phenotyping and reporter 
expression da£a should be deposited into a 
public database. 
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In determining how to implement the pro- 
ject, utility to the research comniuaity shcmlrf 
be the standard fof judging value. Each step 
after ES cell generation . mouse creation, 
breedings expression analysis, phenotyping) 
will make the tesovtroc useful to more 
researchers but w0L also increase costs <tnd sci- 
entific complexity. We therefore advocate a 
'pyramid* structure for the project (Fig. It At 
the base of the pyramid is the genome-wide 
codeciiou of mutant ES cells for every mouse 
gene. Over time, a subset of these mutant ES 
edit sttouid be made into mice and character- 
ised with an initial phototype screen (Tier 1; 
Fig, I) and analyst of tissue reporter-gene 
expeecsion. A subset of these lines should be 
profited by micpo^wyanarysis^attd » subset of 
these proved by systettt-spedfic (Tier 2) phe> 
ootyping, based on the results of the Tier I 
pheno typing, array studies, existing knowl- 
edge of the gene's function and the gene** tissue 
cxprcssioft pattern. With time* the upper tiers 
of the pyramid will be filled wit, eventually 
transforming the pyramid into a cube, with 
inforrttation of all types available for afl gene<L 

This project will require the resolution of 
numerous intellectual property claims involv- 
ing the production and use of knockout mice, 
fo deal with the existing patents that cover 
the technologies and processes involved in the 
production of mutant mice* we suggest that a 
"patent pool » such as that used in the semi- 
conductor industry**, should be generated. 
Several mdividuals who represent entities that 
control patents on mouse knockout technolo- 
gies are authors on this paper, and they agree 
with this approach. We also agree that any 
mutant ES ceils or mice produced should be 
placed immediately in the public domain. 

Mechanisms and costs 

ES cell production. Automated knockout 
contract and ES cell production should be 
carried out tn coordinated centers to ensure 
efficiency and uniformity. VVe estimate that 
most known mouse genes could be knocked 
out in ES cells within 5 years* using a combina- 
tion of gene-trapping and gene-targeting tech- 
niques. Gene trapping can produce a large 
number of mutated alleles quickly* but its 
process should be monitored closely to deter- 
mine* when its yield of acw genes diminishes 17 
and, therefore, vtfien targeting should be 
incrcaiingfy tdied on. As targe-scale trapping 
projects have already defined gene classes that 
probably cannot be knocked out by trapping 
sutgk-exon GfO$» gettcs that are riot 
expressed in ES ecus}* we propose that target- 
ing begin on Ukhc classes immediately, AU E5 
cells should be made available to the research 
community; because thti collection itself 



would be a valuable resource. fifforts in the 
public and private sectors have already 
knocked out many genes in fS cdls, and, to the 
degree that the alleles produced fit the pre- 
scribed characteristics {ic, null alleles with a 
reporter) and are available* every effort should 
be made to incorporate these into the planned 
public resource. Costs for generating this part 
of the resource were ess/mated at between 
$9-11 million/year for five yean (these and aU 
subsequent figures arc direct costs). 

Mouse production* the subset of ES cell* 
made into mice each year should be chosen by 
a peer -review process. Centra] facilities for 
hj^*ef?kiency mouse production* geno typ- 
ing, breeding, maintenance and archiving 
should be funded, to take advantage of cfn> 
deletes of scale in mouse creation and distri- 
bution. Researchers could apply to eroduce 
groups of mice outside the centers, as long as 
they meet the coit speetiScatiofti of the pro- 
gram. AU mice should be made available 
immediately to researchers as frozen embryos 
or sperm, For nominal distribution cost An 
Initial target of 500 new mouse lines per year 
would double the current rate at whidi new 
genes are knocked out Ui the public sector; we 
feel that this rate is within the capaci ty of the 
biomedical research community tvorldtvide 
to absorb and analyze. We estimated the ini- 
tial cost of this level of mouse production to 
be $1X5-15 roiUbn per year 

Reporter tissue expression analysis. 
Approximately 30 tissues horn adult and 
developmental stages should be sampled to 
cover die main organ system*. Analysis meth- 
ods should be customized to the organ system 
and marker, and a searchable database of the 
sites of gene expression, and the images show- 
ing them, should be produced. Centers to 
carry out these analyses and data curation 
should be selected by peer review. We esti- 
mated the cost of this component for 500 
mouse Unes to be $25-5 milHon per year, 
depending on how much tissue sectioning and 
ceH-ltvcl analysis is done, 

Fhttiotyping. Tier I phenotyping should 
be a tow-cost screen for dear phenotypes and 
should be done on all mouse lines produced. 
Tier 1 should include home-cage observation 
physical examination, blood hematological 
and chemistry profiles, and skeletal radi- 
ographs. The centers producing the mice 
should carry out the Tier 1 analyses, at an esti- 
mated cost of $3,5 million per year for 500 
lines. Selected lines, chosen on the basis of 
findings from Tier 1 phenotypmg, tissue 
expression patterns, mfcroarray data and the 
scientific literature, should undergo more 
detailed and $}*$*em*foa!sed Tier 2 phenotyp- 
ing. Tier 2 pheno typing should be done in 



speciarfced phenotypiug centers, akin to those 
already in operation for phenotyptng of mice 
produced by ENU mutagenesis. AO Tier 1 and 
Tier 2 phef lotyping should be done on a uni- 
form generic background by dedicated groups 
of individuals in single locations to foriHtate 
consistency and cross-comparison of results 
among different mouse lines. All Tier 1 and 
Tier 2 phcrtotyping results should be 
deposited into a central project database freer}' 
accessible to the research Community, More 
detailed and specialised phenotypmg could be 
done by indhddual researchers in their own 
laboratories; deposition of this more detailed 
phenoftype data would be encouraged 

Transcriptome analysis. Transcrrptome 
profiling of tissues from each knockout brie, 
eoltaed in a uniform way across aE mice and 
tissues and placed into a searchable relational 
database, would add substantially to the sci- 
entific value of die project, though it would 
also add considerably to its cost, 
Txanscrtptotne analysis should, therefore be 
done on a subset of mice, chosen by peer 
review. We estimate that, with the best cur- 
rently available array technology, an analysis 
often tissues would cost -$18,000 per Sue, 

Conclusions 

This project, tentatively named the Knockout 
MouscProJcet (KOMP)* will be aerudal step 
in harnessing the power of tlte genome to 
drive biomedical (Uscovery e*y creating a 
publicly available resource of knockout mice 
and phenotypic data* KOMP wilt knock 
down barriers for biologist* to use mouse 
genetics in their research- The scientific con* 
sensus that we achieved— that a dedicated 
project should be urtdertaken to produce 
mutant mice lor all genes and place them 
into the pubKc domain — important but is 
only the beginning. Implementation of these 
recommendations will require additional 
input from the greater scientific community, 
inctuding those responsible for program- 
rrMtic direction and financial support of bio- 
medical research tn the public and private 
sectors. This ambitious and historic initiative 
most t>e Carried out as a collaboratrve effort 
of the worldwide scientific community, so 
that all can contribute their skills, and all can 
benefit International discussions among sci- 
entific and programmatic staffs smce the 
Banbury meeting at Cold Spring Harbor* to 
both the public and private sectors* have 
shown that there ts great enthusiasm and 
commitment to this vision. The next step for 
KOMP will be to move this visionary plan 
frqm conceptual wation to implementation, 
with an urgency befitting the benefits it will 
bring to sdcttceand medicine. 
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Special Ibpic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thomos Xtoetschnian 

Background and Purpose: M mice, genetic engineering involves two general approaches— addition of an ex- 
ogenous gene, resulting tn transgenic mice, and nm of knockout mice, which have a targeted mutation of an 
endogenous gene. The advantages of those approaches is that questions can be asked about the function of a 
particular gene in a living mammalian organism, taking into account interactions among cells, tissues* and 
organs under normal, disease, injury* and stress situations. 

Methods; Review of the literature concentrating principally on knockout mice and questions of unexpected 
phenotypes, lack of phenotype, redundancy, and effect of genetic background on phenotype will be discussed. 

Conclusion; There is little gone redundancy in mammals; knockout phenotypes exist oven if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed genetic background may reveal not only 
more phenotypes* but also may lead to better understanding of the molecular or cellular mechanism underly- 
ing the phenotype and to discovery of modifier gemote), 



One often hears the comment thai genetically engineered 
mice, especially knockout mice, axe not useful because they 
frequentlyde not yield the ejected phenotype, or they dent 
seem to have any phenotype. These expectations are often- 
based on yearn of work, and in some instances, thousands of 
publications of mostly in vitro studies. Examples of unex- 
pected phenotypes, based largely on experience with trans* 
farming growth factor beta (IJ^o) and basic fibroblast 
growth factor knockout and transgenic mice* will be 
presented to discuss passible reasons for unexpected /knock- 
out phenotypes. The conclusions will be that the knockout 
phenotypes do, in feet, provide accurate information con- 
cerning gone functions that we should let the unexpected 
phenotypes lead us to the specific cell, tissue, organ culture, 
and whole animal experiments that are relevant to the func- 
tion of the genes m question, and that the absence of pibeno* 
type indicates that we have not discovered where or how to 
look for a phenotype. 

Before entering into hem one should mteinrei unexpected 
knockout phenotypes and how one should deal witii lack of 
knockout phenotypes, it is necessary to give a brief introduc- 
tion into how kxioekoutniiee are made. For detailed informa- 
tion, the following reviews axe suggested (1-4), Transgenic 
technology has had a long history; thus, an introduction to 
that technology will not be given here. Rathei; the following 
reviews are suggested (5, 6} t At this Juncture, it should be 
noted that t although transgenic vertebrates ranging from 
fish to bovids have been produced, knockout technology has 
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to date been successfni only in mice* even though embryoon 
stem (EB) cells have been produced from several other spe- 
cies, mcluding hamster (7), rat (8), rabbit (9, 10), pig (H-iS) ; 
bovine (H 15), and ^brafish {16}. Conseoxiently, the entire 
discussion will he focused on mice. 

Knockout mice ere generated by the injection of geneti 
cally engineered or gene-targeted ES cells into 8 mouse bias 
tocy st tp generate a chimeric embryo, which in torn can pasj 
on the engineered gene to its Spring. IS cell Hues are es 
tablished from the inner cell mass of a mouse blastocyst, s< 
that when injected into blastocysts, the ES cells can incor- 
porate into the inner cell mass of the recipient blastocysts 
thereby chi meriting them. Subsequent to transfer of the chi 
meric blastocysts into uteri of pseudopregnant mice, chi 
meric mice are bora If the germane of a chimeric mouse i* 
colonized by celte derived from Uie injected E8 cells, tho chi 
merais termed a "germane" chimera. Some of the offspring 
of the germline chimeras will then cany the engmeere< 
gene in their genomes. Gene targeting in ES cells uses tto 
ceUs 1 DNA repair apparatus to hnxig about homologoui 
recombination between an exogenous DKA fragment trans 
footed into the ES cell and its homologous region in Che ge 
nome. Homologous recombination usually results U 
replacement of the endogenous region with the axogenoui 
fragment, thereby altering the endogenous gene in < 
prespeciued manner* There are many variations on this pre 
cedure by which genes can be altered not only to ablate fimc 
non, but also to make more subtle mutations (17-1°), Sucl 
procedures can be used to introduce point ^rotations, re 
move specific splicing products, switch isofarms, and human 
ise genes. In addition, technology has recently beei 
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developed to make conditional and inducible knockouts in 
which gene function is ablated either in a developmental!? 
specified tissue (20-22) or in an inducible manner (23-2G). 
These techniques, though exciting, will be further dis- 
cussed- 

ExZimM ve nonredundancy in the TOIFp tarily* Sov* 
era! thousand cell culture studies on the three mammalian 
farans&naiug grawfh factor beta proteins (TGFps 1, 2, and 3) 
have implicated these growth and difefintiaMofa factors in 
the fimciic-n of nearly every cell type studi ed. Expression 
studies indicated unique and overlapping expression of the 
tee TGTfis (27, 28). For example, overlapping protein local- 
teation was found in all gut ept&elia, all layers of the skin, all 
three muscle types, kidney tubules, \mg bronchi, cartilage, and 
bone (Table 1), Ibgether \vith iheto thatail tee TGF&s sig- 
nal through a common TGF type-II receptor (Figure 1), these 
data strongly suggest; considerahle redundancy in function, 
Consequent^ it is surprising tot, of the >30 phenotypea of the 
three Tgfb knockout mice thai 1 we have described (29-31), none 
appear to ba overlapping (Table 2). These results indicate ex- 
tensive nonredandancy between TGFp ligands even t&ough 
i^ere is considerable overlap incstpression. Of course, theee re- 
sults do not rule out the jm&W&yd some redundancy in seme 
tissues. Combination of the ligand knockouts would uncover 
such situations, and it b likely that a few wtU exist, but 30 non- 
overlapping phenotypes for three Uganda strongly suggests 
that a vast number of their nxnetkns are not redundant 

There are several possible explanations for how there can 
be so much overlap in ligand expression and yet so much 
specific ligand function. First, TG^s are secreted as latent 
peptides and must be activated before they can bind recep- 
tors (82-35). The mechanism by which this extracellular 
processing occurs is not well understood and may be differ- 
ent for each TGFp. Hence, ligand processing presumably de- 
termines some functional specificity for the three TGFps. 
Second; there a a third type of TGFp receptor, TGFpftS, that 
can interact with ligand and receptor types I and H before 
cytoplasmic signaling can occur, though involvement of 
TGFpE3 is not essential for signaling {3S-38L Association 
with type III receptors ie thought to enhance, some TGFpRl 
and 2/ltgand interactions. Upon ligand binding, the serine/ 
threonine receptor TGFPB2 then associate with and phoa- 
phorylates the transmembrane serme/threonine receptor 
which in turn initiates a phosphorylatimx-medi- 
ated signaling cascade. Hence, combinatorial rcccptor/hgand 
mteraciions will also determine nnTtdaonal specifid Third, 
signaling from TGFpftt can occur through two cytoplasmic 
Signaling proteins called SMAD2 and 3 (39, 40) and, per- 
haps* through a third called 5MADS (413. In addition, 
SMAD5 and 7 can also interact ^y^th the other SMADs to in- 
hibit signaling (42-44). Hence, difierential SMAD protein 
interactions with transcriptional machinery will probably 
also determine functional spedMty for the three TGFfJ 
ligands* Finally, there may be several non-transeriptional 
signaling pathways for TGFpa. For example* we have found 
thatTGFpl-deficient platelets fmm Tgfbl knockout mice 
have unpaired platelet aggregation that can be restored by 
menbatang isolated plateJafes with recombinant TGFpl (un- 
published observations). Because platelets do not have a 
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fm alaieing. DaiQ (rfilailk^d ftom imratin<03iatc«liemk*l fiiady af Fell*^ 
ct &L <2»J, Eepmd^d from Journal ofGeii 'Biology* I991,3J&: 10»1- 
1105, by wsrrfgkt portniseian of the BwUfeller timvereity Press. 

nuclsua, there must exist a signaling pathway that is 
nontranscriptional. In summary, given the complexities of 
ligand processing, receptor inter^tions* and signaling path- 
ways, it becomes clear why redundancy in TQFI, 2, and 3 
function has not been detected at the whole animal level, 
even though there is considerable overlap in expression of 
TgfJ) gene fein% members. Consequently if other gene tol- 
lies fimcticn with simite complexity, it is likely that, in the 
final analysis, little fractional redundancy will be found 
within gene families, 

Tvyo striking examples of apparent iunctional redundancy 
are worth considering. The first involves myogenic genes, 
and the aocond involves refeoic acid receptors. Conti*ary to 
early interpretations, redundancy does not now appear to be 
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Figure 1, TGF£ sigaaliug pathway. Hie TOFp Uganda, TGFB1 (£1), TGF£2 and TGFp3 (£3), exist primarily la a kieat form in vivo 
and are activate by mechanisms not yet desr. In general, TGFp& interacts with a TGFp type HI rcsceptor {BED bs&rs inieractian with 
TGFg* type II (BID and TCF^ type t OU) receptors; whereas, the TOFB1 andTGFpa Jigands caa interact directly with the type IX rocepfcar. 
The figand receptor complexes ean then associate with several cytoplasmic molecules, fiuradsy! protcm transferase (FPT) and FK506 
binding protdn-l£ beiatg two potential examples. The rGccpfcu^Kgand comply signals to the nucleus through threonine/ 

serine p&^phcoylation of a. series of SMAD proteius (related t# the Brosephila *mdtbarg against; d&snpentaplegic* protein) which then 
elidt traaadptional reflation of exteceliular matrix, cell cycle, differentiation and growth factor receptor genes. The roles of the associ- 
ated cytoplasmic molecules OTP and FKBP- \% are act clear but are thatight to involve RAS pathway si^ahagf and modulation of signal- 
ing through the SMAD proteins. 



the case for two of the myogenic genes kaawn to be essential 
for specification of vertebrate skeletal muscle, Myod and 
Even though the individual knockouts have muscle, 
mh orifer the cMbm«dtojcfe)afe8 do not have muscle (4£), it 
is now dear that each gene functions in the specification of 
distinct;^ muscle cell lineages. Consequently, in the absents of 
one source of rotiscle cells, the other source miy compensate 
for that (46, 47). Ihis should be termed developmental com- 
pensation, rather than gene redundancy On the other hand, 
with respect to retinoic acid receptors, there is also good evi- 
dence for functional redundancy* Similar to the myogenic 
genes, retfnoic add receptor gene knockout mice have few 
phenotypes, whereae the combined knockouts have mai&y 
phenotypes (48, 49), Whether this turns oat to bs gone re- 
dundancy or another case of developmental compensatum 
remains to be determined. 



Lack of phenotype: As is the case for TGFp, there also is 
a multitude of reports indicating that the f?Gf$ I and 2 have 
important roles m numerous call types and tissues- Conse- 
quently, when the Fgf2 gene was knocked cut hy gene tar- 
geting, it was quite surprising that there was bo obvious 
phenotype (50). The%/^' + animals live a long, healthy life, 
and fertility and Fecundit^y are normal. Even the pituitary 
gland r which is the best source off appears not to have 
morphologic defects* Hie only evidence for any developmen- 
tal almormaMes is found in hematopoiesis (50), where 
blood platelet counts are high, and in the cerebral cortex (51, 
52), where morphometric analysis reveals decreased cell 
density, Clearly* these abnormalities are minor, compared 
with expectations. This was all the more evident because our 
transgenic mice, in which the human FGF2 gene was ubiq- 
uitously overdressed by the phosphoglycerata kinase pro- 
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Table 2. NwwTOrlmiptaB pbewrtarpc* W * ****** 
and thg penetrance qf Ukko gfrgag tarpef 



_ ^ 

Embryo letkahtace 

PrmmpL^tiMfcia lethality 
Talk sBcI«tMt^ 
Adult pfeenotypfcft 
Multifocal «u&0iT»nroait;y 
PUtelfii defect 
Colon eaficnr 

tall perktaiat ki&otftieE) 
Heart defects 

Vaatricul&r senium d^ffscis 

Dual wtlftt dgHt veatrido 

Deal tafert. te& vitriols 
Inner ear d«fect^-tecls£ spiral ftmhm 
Eyes 

Ocular bypBtteUularity 
Beduced cftrtt&al stroma 
fjfogeiuial defects m Wdsey 
Dilated nmiapeivl& 

Uterine Isctrrs ectopia 

Ifestotar ectopia 

1fe»tfe hypoplasia 

Voa dCrlfejf^iH dysgenesis 
LuBg-po&tnatsl 

Dilated cosK^cimg wrwaya 

CaUaps&d tanctuite 
Skfcletp] defects 

Occipital feme 

Psriefeal bone 

Palatine bone (deft paUM») 
AlispbertOicl bra 
Mandibular cfef«£fe 
Stort radiua aftS ulna 

Missing deltoid iabewwiiy third taratater 
Stcmwas molJbrpfcafcLons 
Wth bacrefEttff 
Rib fusions 
Spins bifida 

<3&& palate 



50 
50 
SO* 
50 

MOM 
1«H 

I0S 

94 

IB 

S3 
iOD 

100 
100 

3d 
2Q 
40 
100 
20 
20 

ICQ 
100 

100 

100 

100 
22 
100 
100 
100 

9+ 

2$ 
94 
13 
100 

100 



"Described in references 64, 67* # . 

*Reffer& to percentage pe»*»tranc« amrag Dentals thai sarviv* » mrufc 

Detail* on ths rtjtaainiag ■ jfltenalypo* eaa toad m fcHe teictand m ref- 
emtces 29-31, fl»- 

meter CSS)* had very short tegs, suggesting an important rob 
of FGF2 in bona development, yet the bones of ihe knockout 
animals were normal. This apparent discrepancy between 
the traQSg«nic sad knockout mica indicates that some other 
FGF signals through the same FGF receptor as does FGF2, 
an4 that to otar FGF is the true ligand that is important 
hone devdopment Mother possihtiity is that there is "de- 
velopmental ^mpensat&m*hy alternative mechanisms. In 
other words, the absence of FGF2 may cause developmental 
abnartoalitiea during bone development that are then com- 
pensated for by another developmental pathway This alter- 
native would not necessarily require a ditferent FGF to he 
involved. 

Mar we had made our first analysis of tha Fgf2 knockout 
mouse and did not fed an obvious phototype, it was easy to 
explain the *1ack of pheno typo" by tookin# redundancy be- 
cause there are at least 18 known Fgf genes. But in hind- 
sight, it now appears more likely that aB members of this 
large gene feinUy have specific functions, even though they 



signal through receptors encoded by only to receptor genss 
(54), In Fgf% lockout aiice, evidence was not fonnd for np- 
regulaiion of the two Uganda most structurally related to 
PGR, namely, FGPs 1 &M S (50), Mm, genetic combination 
olFgk and JW8 (SO) ^ d ™>* mve ^ redundancy between 
these mmilar genes. In addition, further analysis of the 
mice revealed roles being played in faem&to&oieftf a m * 
vascular tone control (50) aa well as in brain do^loptnent 
and wound healing (61, 52), Finally, in addition to Fgft, 
Fgfs 3-0* 1, 8 also have been ablated by gene targeting, re- 
vealing functions in proliferation of the inner cell mass 
(Fgf4) (55); gastrulaiion aad cardiac, craniofacial, fore- 
hrain + midbrain^ and cerebellar development <Fgf8} (56)i 
brain and inner ear development (FgfS) <57, 58); and two 
aspects of hair development ifgfi and 7) (50» 60), lb date 
comparison of Fgf Icnockout pheaotype^ from 6 of the 18 
fgf genes has not turned up overlap except possibly m the 
cerebellum. Tbgethor, theae results indicate that each 
gene has important unique functions. Althoogh a few re- 
dundant functions may eventually be found on combina- 
tion of Fgf2 with all other Fgf$ except Fgf5 y it is clear tha t 
6 of the IS F^genes studied by gene targeting have been 
associated with essentially unique knockout pfcenotypea- 
To suinmanm what originally appeared as "lack of pheno- 
typo" led many of us to the prematare conclusion tbat oOier 
FGFS must have functions redundant to those of FGF2. 
However, furt&er analysis of Fgf2 knockout mice has since 
revealed a wealth of unique functions ranging from thromb- 
ocytosis and vascular tone control mm to bi^in development 
and wound healing {51, mXlih my e^rpectation that further 
physiologic anaiysia of the Fgp knockout mouse ^1 reveal 
functions in the hypertrophic response to hypertension and 
responses to iscliemia/reperfusson injury and bone injury. In 
the final analysis, it is likely that the major roles of FGT% 
may have less to do with getting us to birth than with keep- 
ing m alive aiter birth, whereas several other WQFs clearly 
have developmental rules. 

Effects of genetic backgrottud on t^henotypie varia- 
tions From 100 years of mouse genetica^ it has become clear 
that genetic background plays an important role in the sos- 
ceptihiHty of mice to many disorders. Therefore, the pheao- 
types of knockout mouse strains will also have genetic 
background dependencies, as waa Erst documented by the 
Magnason and Wagner groups (61, 62), The Tgfbi Imockoui 
mice am an exceptional case In point <%ble 3). On a mised 
($0:50) 129 x GF1 backiround (CF1 is a partially outbred 
sixain), ahouihalf of l$bl knockout mice die from a preim- 
plantation developmental defect <63), and the other half die 
of an autoimmune-like multifocal inflammatory disease at 
about waning age (29k If the targeted J&bl allele is back* 
crossed onto a C57BL/0 background, 99% of all knockout 
animals die of the prehnplantation dsfect(63), However, if a 
Tgfbl knockout allele is pat onto & mixed 129 x HJH/Ok x 
C57BI/6 background, embryo lethality is observed during 
yolk sac development, not during preiniplantation develop- 
ment (64). With respect to the multifocal inflammatory dis- 
order of Tgfbl knockout mice, if the targeted allele is put 
onto a 129 X CF1 mixed background (50:50), severe Inflam- 
mation exists only in the stomach (29); on the mixed 129 x 
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Table a. BackgrptiM dipsndettty at T&fbi kaoctaut phengtypss 



H^notypq- penpU&iiCS Mvafiam strains (%} 



pmmitatttUloB lethality 
\W1e g« lethality* 

Gaatde tpflammafeUii) 
Infcesfctaal itiflammntttra 
Coloa cancer* 



129 x CFf 


ae 05? 




C57 


120 


cm 


l39xC57&MIH/Dla 


SO 


NO 




m 


ND 


ND 




0 




ND 


ND 




NO 


50 


50 


SO 


SO 


1 


ND 


ND 


50 


00* 


20 1 ' 


NJB 


ND 


ND 


ND 


ND 


0 


W 


nd 


ND 




ND 


ND 


ND 


NX> 




ND 


mo 


0 


ND 



Pwciaitage of knockout aunuda of a given airdbi haw tfee desi(jmiti*d phsiiutype. 
'For detail*, see rcfercaGsa 84* 67, 

fcAppitfxw&fcteiy ICK& ftf atiljiiBlE with autoimmune disease Itave no detectabla ^ostrtdjitostlftsJ tract inflammation. 
*tfajMibtislud ofasarvatkms. 
ND = not djefcermSutid 



NOTOk x C$7pyff hwte&wxti* the intestines are more se- 
verely inflamed than is the stomach (65), Fixiol& on a pre- 
dominantly 129 background (129 x GF1; -&713), Tgfbl 
knockout mice develop colon cancer if the inflairan&tory dis- 
order can be elminated by other genetic manipulations that 
render the mice inrmunode&cieat (unpublished observa- 
tions), However, on a predominantly C3H backjpsmnd, ini- 
muitodeBcient Tgfbl knockout mice do not develop colon 
cancer (66). These results suggest that modifier genes exist 
that can significant^ affect the function of TGY$1 in preim- 
plantation development, yolk sac development, bowel and 
gastric inflammation, and colon tumor suppression, 
Progress* toward iocalmftg a modifier gene far the yoUc sac 
devels$fc&ental problem has been made (67). 

What is the best genetic background for knockout 
mice? Because badkjgro^ndniepQBdent phene^pie variabil- 
ity will likely be found for most knockout mice, it will be use- 
ful to back cross a targeted allele onto several mouse 
backgrounds to make congenic strains. In tins section^ it wiD 
be argued tot putting a targeted allele on a mixed strain 
background will also provide useful MormatioiL This is not 
to say that congenic strains are not useful Rather, the point 
to be made here is that there also are bsaellts to looking at 
mired strain backgrounds, Again, our experience with Tgfh 
knockout mice will be instructive. 

Generating h&mmygous mutant knockout animate on a 
mixed g&mk background is faster. The E8 cells are nearly 
always from a 129 strain, and the blastocysts into which the 
targeted ES cells aro injected are nearly always CS7BL/& 
For reasons unknown, this is a good combination for estab- 
lishing germhne transmission of the injected ES cells , The 
resulting chimeras can then be crossed with any strain de** 
dred, but 12$, C57BL/6* or Black Swiss mice are most olen 
used* and CF1 mice were used in the case of our Tgfbl 
knockout mice. Heterozygous offspring from this crossing 
will ihm be inbred 129 or Fl hybrids of 129 and one of the 
other strums, Clearly then, tlie quickest route to having the 
knockout allele Q& an inbred strain is through 129. For the 
other strains several generations of baefcerossiag is re- 
quired, which can take well over a year, Unfortunately, 
8train-12d mice have low fertility and fecundity Conse- 
quently, the number of offspring per Utter is usually fewer 
than siac Although 129 x C57BL/8 hybrids are more robust, 
upon backcrossiag onto C57BL/6\ Utter size decreases, 
the contrary, the Black Swiss and CFl strains are robust, 
and litter sfcze often is in excess of 12. The reason for this is 
probably because they are not truly inbred strains, but 



rather are partially eutbred through random breeding 
within their respective strains, Therefore* one of the choices 
oae has is to stay with *pax$° genetics at the expense of a 
lower production rate and considerable delay before genera- 
tion of e^rimGnta! animals, or sacrifice some genetic pu- 
rity to obtain a more efEcient production colony Ideally oae 
would want to do both, but tins often is too expensive. 

Mixed genetic background knockout mice often have a 
wider rwigz afphenotype$. The Tgfbl knockout mice back- 
crossed onto either the 123 or C57BL/8 backgrouad 
(congenics) yield only embryo lethality (63, unpublished ob- 
servations). On the other hand, when tho knockout allele m 
maintained on mined genetic backgrounds, embryo and 
adult phenotyp&s are maintained. 

Thz Tgfb2 & Tgfb3 knockout mice provide further ex- 
amples. Thfe Tgfb2 knock out mice have more than two dozen 
congenital defects and die either immediately preceding or 
dmirig birth, or vvithiu 2 h thereafter (30). Table 2 indicates 
that most of the pheaotypes are only partially penetrant* 
T hough it ie not documented, it is likely that the penetrance 
of some of these phenoiypes would increase to nearly 100%» 
and some of the other phenotypes would disappear were we 
to put the l%fb2 knockout allele on inbred backgrounds. 
Hence, Ihe mixed strain baekgroundprobahly provided more 
inforiuaiion than would congenic strains. 

The Tgfb$ knockout mice have a cle$ palate (31). One 
colony of TgfbS knockout mice was loft as a mixed back- 
ground (129 x CFl; 50:$C> strain* whereas another colony 
was b&ckcrossed several generations to the C&tBIM strain, 
these two colonies had considerable expressivity differ- 
ences; the inbred colony had more severe deftlnf than did 
tile mixed backpeOTd colony In the latter, expressivity of 
deftfog varied widely from animal to annual This variable 
expressivity within the mixed background colony provided 
us with the opportunity to obtain far more data on develop- 
ment of the daft palate and was, (herc&re, more useful for 
making assumptions about the cellular and molecular 
mechanisms by wluch TGFfiS supports palate fusion. Hence T 
using the Tgfb3 knockout mice, the mixed strain background 
provided more information than did the congenic strain. 
Consequently, a wider range of penetrance and e^resslvity 
of phenotype is a major advantage of inveatigatuig knockout 
phenotypes in mixed background colonies. Further; varia ble 
penetrance ofphenctype in a mixed background colony sug- 
gests that there are modifier genes fbr each phenotypa that 
could be obtained by linkage studies. 
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Conclusions 

Questions have been addressed that arose from toe fast 8 
years in which knockout mice haw teen investigated to ana- 
lyse gene function at the v/We animal level These questions 
concern, geoe redundancy apparent lack of phenotyps in a sur- 
prising number of Imodnrai strains, and eftMs of geneti*: back* 
ground on knockout phenotype. Using data obtained 
prmripally from fgfb and Fgf knockout mice, it is argued to&fc 
there Is jarihftblylittlei^iiiidanw 

genes are dispensable &r survival of &e species). Apparent 
lack of phenotype more likely retold our inability to ask the 
ngtftqnWkras, or our lack of tools to answer them, than it does 
a true ta& of function. Finally dieeussicm of genetic hack- 
ground phenotype variability, including variable penetrance 
and expressmty, was used to present some of the advantages of 
working with mixed genetic background colonies of knockout 
mke. For all the examples given here, Shere ate counter ex- 
m$m that must be taken seriously; con^quen% these argu- 
mentsnmst not be taken as absolutes. Far example, if e gene in 
a p&riicular mouse strain has recen% been dupBeated, itvdW 
most likely be redtmdani If one is studybg tissue rejection in 
a knodcout mouse, &ie genetic badkgrnund obviously must fee 
well defined and psi^erahfy inbred, Or, if one wrote to use to 
susceptibility of a particular mouse strain to cancer to investi- 
gate the taction of the knockout gene in progression of that 
cancer, the loiodf out allele must be pat an tot mouse strain. 
In general, however; v?hease^ng ^approaches ihr investigate 
ing a new gene knockout mouse, I belfevo one would ha well 
advised to assume that; there h little gene redundancy in 
mammals; there are knocked phenotypes even if none ere im- 
mediately apparent; and mve^gatimj phenotypes in mixed 
genetic baclsgreuiid colonies may not only reveal more pheno- 
types, but inay lead to better understanding of themolecute or 
cellular mechanism underlying the phenotgrpe, and may lead to 
modifier gene discovery. 
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torn iVbtm. iBEtcojadonal Itoian Cksaoma Sfiquaici^g 

,8^1^ j&^im an im^e i$r F»eh Cbtte. Rlirai: 
to Kent: UCSC: Bwaii Mmej^ Egjj; tad mayt U$x, 
N^^U^^t^aportloja of Chffliaosam*! 1 Rf^m Uii: 
as^l^eqy^jti^ofthe human eenotwe. 

to* wwhx %Mt r tbc ifidEkli fisifet Petar Hbk£ <^$cd 
» design das^c, Ncaffy j^Ais lMtir N^el Onus; 

aiittos have mgffther prtutiiced aft ^fTc^DOnaJtc trtetc 
to Mr Biafcek iutag*. Vilm i?s fiaflk^of icons and 
Mucattcca, Its as$iei£bl^<«<s*f ^tasaA as match 
co^ptexfty, ta*id$u& add ro}^tTr\' as the original 
iimsi^pil^ j^idfe^v OtilljrfljKJ the assembles! 
«>«apaniy teisqityou ^ dap Mtfc H^crc, as Infbe 
o^aai *^ ^fteJB to© is fiuarantced toralL" 

tG«n^r BlOifOt, OOOlti!^ dlths ttbc&K&^er MalVKWfirj? H<f^) 
Ofli«v KffJ^ne P^Agciie? lrrc? Osrwtn bast, 1^ $<*m&$(0H 
of ^ Pre^ttet and CouacUof IfieRcrj-^ Sfoefeay; Basalfed 
f=ta»Mtiv coicartesy ot Coit) Sesftwg IfecUw tdxii^toay Arclttia?« 
Dcralhy Hodgi3(\ 0tho C^tbol Rwantlatfoa I96t Utvxs joy-cc, 
etchli^ by IMct EJjA*; |tfti«m |S>lHi»aa pl^ttt boatlt 
Aslf^wjctcdt eady 1H30% ^ PeH* Hiii» Coipctcsiiiwi ali 
rights nssccved, uaud by A&fiti U liiliaia^ci, 

(0taidj«i(iiied phatographcij cp«urb(KEy ofltlt* AKWI Mason 
Cb£art«y Med£eat Aitfafcreso* Hie fofem MofpfeDruj MetBetf 
T^$jElmCio«tH linta* PaaHng, from Avu «Ml Uw$i* M$ 

<& Ps«Kl MIs&OS, Amlsct SaKbaiptE; conrti^ cfgicrw 
BourtCf: |t*idi?^ Sanacr, O The KobclEbatsdatirm, 1-9^1.1 



j-enlc Ptants Are Important for 8k»tfc Cell 
and Agriculture 

a plan! is damaged M can o to AspaJr ^elfbyaproci^sm^dinmt^ 
*ir^rWl wWs "dcdififercntiai.^* proliferate, and then i^lffefmtiate Into 
^ype^ in same ctamstsmces &e die<lu1;fci*l*liaxed cell* can cwen lonu 
*^ical mcHstemi wnfcii Cart then tfm rise to an entice Raw plant, tajcJttttlHg 
i, Tltfo rcmfttfcabfc plasticity of rjl&m cells can r>«$ e^Mtedl to g£nc«c 



^^£pi&»& from cells growing in culture 

¥fl#n a pfa& P^ 1 fa <adfc^ In a &ed3e medium cx>nta*r*uag 
^a^m^ apfKoprtegroivlih regulaiois, many el<h© ceils aia siimd^edto 
JlEte aid Atfotym at clsorganizad marine^ producing & mass of relatively 
^g^nliMe^ edls a ca||u& If fe naMentifc and grftvth regulators are 
SHy la^Tipuiated, oae Induce the formation off a shoot and then root 
^jsl jnerffit«»S within the callow and, in many spiles, a. wfeG& nW pimt Can 



t^fllfeis aitoes can also be mechanically dissociated into single cells* wiiich 
^ ^ mid divMe as a suspe&sta ctiftute* tft several plants— iitducHng 
peamfa, car? ot, potato and Amh&tdj&is— a single cell from sitcfo a sus* 
p^nscutae can lie grown into a sniaB clump ta dome) tfOM tvM&i & viftote 
^aafe«^gfittmte(l, StidxacAwhEdhtisas th&aMrytogivart^toall^aiis 
^^oigaiiinn, coratdWd totipotent, just m wmm% tu&e cmbe derived hf 
englc mpilp«fettlori of embrywille stem cells Its ctdiure, so transgenic plants 
«p.bea£afcd feom girigte totipotent plant cd!& traiisfeceed widt DNA to ouiaue 



To* ability tfc produce tran5g<mie ptiim lias greatly aceckrated progress fn 
&Hny*j$as off plant ceB M*>1<5&«> tt has bad an important: role, for exmpf^ tn S&>- 
lafftig ie$ep*axs for growth HSguiaiors and in analyzing the rn^ecl^ of :rnot~ 
jfeo^cnests and of gene expression in p&rtts, It hm also opened up many nevv 
^osTibSjtje* tn agrirultiire that could benefit both the farmer and the consumer, 
fthfs made it possible, far tmtxipfe* Ktodify the lipid* standi, and protein s*or* 
ige reserved Lns&*ds. to impart pest and virus resistance to plants, arid to create 
rarf&ef! plants that tolerate extreme luib^ats such as Salt marshes or water- 
tmsedsoE 

Msiiy of tbe major advances tn Djaderstartdlng antina! dc\*clopmcnt haw 
WSe fojpi stodfes on tbe fruit fly tfttmphiia and the nematode warm 
&mH&2$d% <?%i^, wMdi Eire amenable to extensive geueUc aitidy^is as vvxlt 
»b«3f ettiiiieny inanipiiladon. Progress iai plant developmental biology Isos, 

thepo§U bocn r^stlvd^ slow hy compaiisoa Many iof Hie plartt5 ttiat have 
frcsedftiQst am^i^Me to ^snetic anai>sfe— $*acti as mafee aild (otr*atr>— have 
fesg^e cyclic and very targ^ genomes, making both classical and moteita 
$cade ana|^^ timo-con?.ttmin^ Increasing attention is €on$£<|i$£nUy being 
&® to a Sast-^owing *rxtaU. weed, tha aa«j;^r)i wall cress (Ambidopsis 
Wtana& wh&ih has several major advantages as a *rnodcl planT tsee Rgwes 
N5 amJ2 W|n7), -nj e sanaO Ambidopsis gicname was ihe Orst pknt 

Wmie to fee cornp^dy ^qtietiGed* 




R^iino Hoof?, with an 
jg:n*wth factor X (FCFS>. jFOFS la * 

tf»it monk nipecti of 9 vart«y of liifliu^ 

idi««ttd*ffe«i; dahctea^ cystic flfcmsf*. 
and ioaw ope «f arvcttt, fum b«*o 

^WTit«d. their stud/ way feadl to die 
dcvdSopmcm of rnorc c?ft;qi;vti w^fiitwtHw, 
(Cw/t{**/ <rf (Sail MxrtirufTOm j.^. Hefacrt 
«t a« CteS 1017-1025. 1 *H © S?^^ t > 



Collections ofla^go^i Knockouts Provide a Tool for 
ij^ Funcdon ol Ev^ry Gene ^1 an Onganlsm 



j — --««botativG e&%rts ace underway to generate cornpr^ensSve ifbrariei 
ill several model organisms, todurJing & C ctegans, 

J^Wo, Ambidcpsis, and tbe mouse/Hie ultimate aiiai in cadi case to pro* 
^L 4 ^ 1 ^ 0 " of m « ta ^t sttuttts In wludi overy fieoe in the Oiganfcm has 
J2J^» sy^tteatlcajtty detetod or altered sadit to it can be oondltronaHy 
Ig^Zfc^^^^ 5 °t this type wtM provide an invaluable tool for tom^gftl- 
j^^^tsctlan on a genotiatfe sca5& In some cases, eactt of the Individual 
! IfeZ^*™^ 1 tite coBeerlon ivHI sport a dlsatvct moleoalar taa^ unique l>NA 

* ttte t^sk Of ganemtins a set of 6000 mutant^ each missing 
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ft*** ejBogp^ons DNAi$ introduced Mm a bacterium 
into a host ce!L The mechanism Mtefehtes to of fcao 
term! ccrtijugaiion, Etpressioaof the bacteria] ONA in 
iU ttew ha$t changes the phenorype of the cell In th* 
example of the bad» Ag w&mwium twnqfhctms, 
the tesuM k to intee turner formation by an Wetted 
plant eelf. 

Alterations in the ret&tihrc proportions of compo- 
nents of the genome during som$&c davdofmitat 
occur to allow insect larvae to increase the miaftbcr of 
copies of certain genes. And the occasional amplifica- 
tion of gene* in aiftared mMSUnalkti cells is indicated 
b? out abifisy to refect variant cells with an increased 
copy number of some genes. Initiated within the 
genome* she amplification event can create additional 
copies of a ge«e mat su rvive in either ijitracjirq^asa- 
mai or ejr&^hromosomal form. 

}Vhe» «ctxam«om DKA is introduced Into etti&ary- 
otic cells, it my give rise id mnichromostfmai fe m ^ 

between the cxti:a<toj m Q S 0t^a] and getiomk fenrms is 
Irregul^tkpeil^igoii dunce ami tosom*d<^r*cui^ 
predictable even**, rafter than racmblktg- the neguiar 
Ititercha^ between free and mtegrMed formsofbac- 
terial pJbsmid^ 



Yet, how*ver aramplisfied. the pvottss- mav fed to 
stable change in the genome; bfiawi^ its tojecttot, 
into animal eggs, PNA amy ev*n be incorporate 
theg^ionie^d iahcii^d tfiemfarafta norma] com 

UNA may enter the gjetndfatt mil as the soma, c re*r» 
a transgenic animal* The ap&ty to tatiodnce m 
eifk genes that function m *i appropriate ma^er 
could become a major medical technique for curb* 
jgenetie diseases. * 
The converse of the introduction of new ecru* is 
to ability to disrupt specific endogenous gerres. 
Additional PNA caw be introduced within s & m t0 
prevent its expression and to generate a null *if c Ie 
Breeding from m aof mat with antl allele caa gstterate 
a homozygous ^kaock^u^ which has ao «ctfee copy <rf 
the gene. This is a powerful method to investigate dh 
reefjjr the importaince m& fimction of a^ea^ 

Considerable jgaoipulation of DNA seauenc^ 
therefore is achieved both to autbeatk situations and 
bf CXI^tmental fiat, yfe aJC 0 ftl$r just: thinning to 
work out the mcchaitiiim tliat permit the cell t» K - 
S|idn4 to selective prc^qpe digging fts bank of *c- 
guen^s or that itOow it to accoiiuftodate the jntraioa 
Of addrticsvii ^equertttis. 



mating pathway is triggered by signal 
transduction 



HT 1 ^ * & cvrem&e can pro^gme happUy in d- 
X ther the hapf odd or diploid condition. Conversion 
between these takes place by mating (fusion of 
hapioid sipores to give a diploid^ and by spomklian 
( tteeio$kof diploic logive haplold spon^J, Th^aniijty 
to engage tn tte* activities is determined by the mat- 
*i^typeofthesti^in. 

The pfopcrtics of the two mating types are tstm> 
ittarised in t%t£te I7-L We may view tfecm a$ rest- 
ing ott the teieafo^eaf propoddnn that there m 
point w netting miiess the hapJbidii are of ditfefetfct 
genet* types; and sportdattott is productive omy 
when the diploid is hetero^us m& tkm can gea' 
erate re<x^mMtts- 

The msdng typeof a (haploid) ceil bdetermiaed^ 
me genetic isibrmatkn present at the ^iA!rIocus. O&s 
that awry &e AfAB aikle at thk bcus are type v like- 



^ cells that «May the aEele are type cl Cell* 
of opposite type am mate; cells of the same type 
cannot r 
^ecognlfei of oris of opposite mating type h 

\ Flgyi'o fr.t - WMlngtypo cont^-sewigfai &mt&t. > 
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Preface 

Over tbe past m& years it hm tocoese possible to make essentially any muta- 
tion *hc gmnln(S of mk* by trtiliiiiie; rcco^Maatjaa and embryos ^crn 
octlx* Homologous neamilimaEion wten applied to altering spcaSc 
exogenous g^acs, rttored to as gen* tar#ttio& provide the highest level of 
control over producing mutations in cloned genes* Wheat this 1? combmed wills 
site specific rccomtelioa, a wide raajge of mutations ooa be produced. ES cell 
fines arc ronarfcahte shtec after tetag e^b&thcd tan a bMocptu th*y cm 
be cultured aM ntmljivdaied. relatively easily fa *?0 and still mamfcMii d>eir 
abi% to Step hack into a OGflnftl <terek»pnietifcd program «*»®* to a 

prcHmptatation embryo, WIM* the Croatia!- imxeaae k the number of 
kim* ideaihied by vudo^ genome projects and ^metic aoeeiM, k ha& become 
fmpemtiw that efflcteni methods be developed for dettttriin»£ gene f unc&OfU 
Oepa tarserMg i» ES cells offers a frawesful appioadl to study g<mfcfiis*ei&n m 
« mamraalM organism. Geae trap approAdifes to ES cell*, in pulled v wtwso 
tlwy &ce combined with sophisticated prescreens, offer not only a route to gene 
dteoovery, bat also to gain mlommtoo Ofc gene fteqo&soe, exprcssto and 
^tfliitptwrn^ty^ . . , 

The bask technology aecessary for making designer mufcitfOiis m wipe has 
become widespread and researchers who have traditional^ used cell biology 
or molecular cxpcrtmeiJ^ *rc adding p« tatting ttdbJtiqfies to their repe* - 
iofoe of experimtal approaches. A second edition of iMa book was written 
two wain leattfK. The first was to update previously deser&ad tcdinicitt€8 md 
to add new technJotfcs that have grsatfy expanded the r^pes of miK&tioss tot 
can be made using K^rabiisatioft in B$ otto. A chapter in ibis new edition 
describe the design &tid «se of tite spedlfc jeeewnhinakion for gene targeting 
a^os^cs and p^actica of aMidttfooitl mulatto, 'line second xtmm for 
the new book was to provide a iriore in depth discussion of the eaperMetltsS 
design liberations that mm critkal to a ss^ce^M ££sn« fen^etsGg sttsdy find 
to add approaches tot analysing mutant f&eaoiypeiK. the most imcrcsting 
pm Of m experiment 0<sgg targeting experiments should U designed lo 
go fax beyond \m mafemg a rtratat maw& "the &imess o! ^ gene targeting 
cjqpcnmcftt no lander Res in Ihe rmfef ng of the iraj tutt^l, hat defwindft die 
intagiaative Mdiiaa^fd-^fil^ of the nwrtantpbewotypes that ramOOD 
provides. A chapter ift editkHa demib«s the use of e&s&eal emetics m 
combtotion with gene targ^ng to get to rnost cwt at gentle approadi to « 
biological: qu&stioi*. 

Hie aalflfe «f m vivo gctte luting studies of pm* furtdion are mm that 
critical 4mlm foaAaai mm ^ made at evHjry step in the esepedment, and 
c*ch 4«t5ton can harvs a majar impact oa the value Of information 
oht«iiiciL Frora 5h« start, the type of mutation to he made most be considered 



Preface 



cateftdly* Whereas 10 years ago most muMo&S were- designed to create null 
mutatfcms and were tbsrefor© relatively siitt^fo to design,, at present, a. null 
mutatba is only one of n long l&t of mutations that can be made, each provid- 
ing different insight i&to to Italian of a gene Fomt mutations, lar#fe deb- 
ttotts, ^eit^ eKfcftttges (Eiflodc-ins) and conditional mutations are but a few of 
M etiokes one face* at the start oi □ gerte tftrgeui^ exgKdmeiijC, The next; 
choices is the source of DMA far the targeting e^edr&ent and ES cell to U<? 
used for the manipulations* Once ihe matarrt BS ceil clone has bean obtained, 
tfcerc are then a number of alternative approaches (bat can be o$ed to mab 
ES cell chimeras that -tfepetKE m XM £S cell liai^ which was used Inanity, and 
most importantly, is the analysis of any pfecnotypc that arises, TMs second 
addition discussals techniques used to analyze mutant mice, raixgitlg from stftp* 
dard descriptive evaluation, to a chiroera analysis of complicated farcedis^ 
experuncats that utiles double mutants* U mice ore simply considered as a 
*bag of ceils* or am in vivo souarce of selected cell types, thou the tremendous 
resource which i&fce Offifer as & raouM oq^msiro is not being realized. The life of 
a mouse represents a cootrquinn of dynamic processes, including; pattern for- 
mation, organ development learning, homtdslasiis and da£&&Sc- By making 
genetic alterations in mice using g<aie tafgeifcag and ES cells* the effects of a 
given change can be studied tsi the context of the i^soie organism- 

My goal in editing this book was to provide # manual dtat could take a new- 
comer to the exciting field of gene targeting and mutant analysis in mice from a 
domed gene to a basic effldgfi^dteRgaf the gea&tie ap^oacfees available using 
ES cells, and how each ledmiqne cart be used to desip a fi«Mtor in vf vo test 
©f gems fenctlo]^ The book should also provide a valuable bench side resource 
for anyone carrying out gene targeting or geaie trap experiments, a chimera 
analysis or dassica] genetic approaches. 1 ^ould oaoe again li&e to extend 
many thanks and my deepest appreciation to all the authors &r their great 
efforts In incJuding detail protocols m4 teicid dtassfotw of the various 
approaches presented. I would also Eke to thank my family for their strong 
support and laboratory members past and present for helping, to make gene 
targeting a reality . Finally, since many of the techniques use mfcc, the experi- 
ments should be aMed out in ftccosrdimee wit& local ftguiatteas. 
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Gene targeting, principles, and 
practice in mammalian cells 

PAUL HASTY. ALEJANDRO ABUIN, fund ALLAN &RAPLEY 

1* Inttoduction 

"Wh^o a fmgpacui of genomic 0N A is introduced into a mammMkia ceil it €&□ 
locate and reccnrnfeht& with «bc etitdogcrtoits fe&moJogous se^uefifieisfr TO* type 
of feomclagoas reeombtaticm, known as getie togethtg* & the subject of this 
dtapfet; O^tte tftf&etlag \m been wid&y used, p&rt^aa^rly w m$vm wn- 
fnymk Stem (P$) cells* to matte a variety of nidations In many dlffcretit loci 
$(i that the phenotypic consequences of specific genetic modifications can be 
assessed in the organism. 

ffoe fel tttfttrimBag^ evidstice far %m oceacrsra of g^ne targ^ilag Id 
mammalian cells was mad# using a fibroblast cell line with a selectable 
amfleuil locus by Lin ct aL (l> f and was subsequently demonstrated to occur at 
tite endogenous p-giobm gene % Smithies e/o£ m crythrokufcaernia cells (Z). 
la $en otfl, the freuucna&i ol tnr&«t Hn^ 111 ttlMiii^ta csMf «<$ retat I vely 
low compared to yeaac cells «ad tMs is proMbfy rel&ted. to, at tea&t to pmt, a 
eompetini g&tteay: efficient i#&egn*tiom of traasfec&d DNA mte * r¥»n- 
(2cm diramosomal site. The relative ratio of targeted ts random la&grsEloa 
events will determine the case with whicb targeted clones arc identified in a 
gene ragtag e^edtneitt. This chapter details of vector d&sigri %fcieb 
cm <feit^f30iM« tlie efftc&acy of f^combtatto, <&$ type of mutation may 
be generated in the target locus, as well as tlie selcetcan and screening 
stt&tegtes «rbsch can be ttsed to identify clones of ES cells wiUt the desired 
tasted modifiKition. Since the most comtttoa espeftoietttat strategy i* to 
ablate tfee fUa&fon of * target gene a&rie) by £ostodud«g * selectable 
mm fcor gene, we- fnft&ly describe tfi^e vector* and die- selection sdliet&sss wfctett 
m helpful in the identification of recombinant clones (Sections 2-5). In 
Section 6» we describe the vectors and additional consdciations far gener- 
ating subtle mutations in a target iocus devoid of any exogenous sequence 
Mnalty, Sod ion ? is 6&$lc&i&d to Use use of geae targeting as a meted to 
cfcfsress exogenous i^es from s$£d&e endogenous fegalatory elements in 
wtW, afctotnowa a? 'fcaocMn* strategies, 



it £eae roigefld^ ptiwrfplm, wtdpffietfcto in immmaMft mite 
cnikfe populations of IrMSfceied cells for Carpeted integration eVeailS (Soctkm 
421}, 

2,1 Dssdgn tmislderatiam of a nsplaceiitfitll vector 
flte principal comideratiort fa tfce 4mm Gl a reptaasetst vector, » lype 
of imitation generated. Sectary (yet still important) coBsidcmtkins relate 
to the selection scheme «l greening ie<«<pe.$ reqiitTcd to isolate to re- 
coftifeinattt ctoass. The recombinant alleles generated by re$ace«W£nt vectors 
lypicaf ty have & selection cassette inserted into a coding e^oo or reptacirig part 
of Ike focus* ft is important to colder that, esoa Meriuptmns And small 
Jettons w&l not neeessart*y ablate the functfou of the t*r#et gene to geaefate 
a null allete- CoBse^weaily, it is necessary toeo&n'nn tha t the allele wMcfs has 
been generated is null by RNA andfor protein analysis and tit many cases 
trai^ed^fs and tmrweated pioidLits te sp<& a mutant aSlele cm be detected. 
Ojftsl^riflS tol products from the mutated lociss may have some ftmciiiOii 
(nortaai or ab&OPaa*) it is important to destgo a replacement vector £0 that 
Utt targeted allele is noli, particularly in the absence of a good amy for tt»£ 
gene product. Disruption or deletion of the adding sequence by the positive 
selection marker wiD in most instances a&Iate a gene's fcinetioa* However in 
some situations a trrorated protein may be generated *&3cb resins some 
fcfologicai ajetivity, thus some knowledge at mutator in ft related gene in 
another organism can be helpful in the ^cnninattOO of the possible toetto 
of a tasted allele. Nnl ^cles arc mor* Ilfeedy to occur by deleting or 
reeombiMJig a selection cassette into tt*0t£ 5 r exerts rater tea exmis that 
encode lite Oterminus of the protein, since under Utese drcuinst&tices 
miiiim;t| portions of the wild-type polypeptide wcauMbe made. 

TMre arc several e^miderations to tal{& MtQ ac«3U»t v&ea a positive 
selection raarte is to be inserted into m qxna* One critical eoiss«leraiian is 
thai sbce let^tb of an cxdfi influsnce 1^4 ^Ikifig an artificklly 
la»ge esois caused by ifi« ii^ertfon of a s&teetaMe mwdtcr may aot be 
recognised by Uic ^slkltig m&ctunety and eoul4 be §]ap^Gd, Thus> ir^it$cctpt$ 
initiated from the e^sdogencwis promoter m$$ detete tlic m&tated e«on from 
Hie snltNA spacm or e^cn additional exons. U a skipped t&m i& a codbg 
e^m whose oticleoade length U not a mutti^c of tferee (codon) the net result 
will be both a deletsoii &M a fraiac-sM mutation of the gpne« wtiicK wllE 
ofScn generate it Mill allele, However* if the disrupted coding €%m hm a 
nucleotide length vs&M* is a multiple of <Jiree, if spliced out this would result 
m a p«>£eitt wSAt a small in-frame deletion wbldi may teiaiu pstial or coa> 
plcte fUtsdioa Tfes same ctmccpt applies to geno targeliitg ^vectots in wMek 
exosEj are beJug deleted and tepJaeed by the seket^te imatfcer, Deletion of m 
extm or group of tmm N^ftibi a unit number of codoo^ way also result in 4 
functional protein product with an in-frame deietioa For most purposes it is 
a<Nsalde to delete portions or ail of the target gmx m tot the fetaetie 



Production of targeted embryonic 
stem cell clones 

MICHABt P. M'ATISE,. WOJTEK AUBHBACH md ALEXANDRA t„ 
JOYNER 

The discovery that ctaficd DNA latcodttced into tissue culture cells cad 
undergo* hffcmol&gcHJs recombination At sjptecifle chaXjmosajnai Iocs has 
reVO&ltiOttized 6Uf ability to study gpue function ill e^tl culture And iVf ww. in 
theory, this t&C$lti&|gtet termed gene targeting, alEows an& to generate any type 
of mutation in a»y e&aed geftt. Hie kinds of mutations ttat can- be mated 
iDdnde null mutations, #oinl mutations, deletions of specific foftcdOBftl 
domains, exchanges of functional do^ins ten* related genes, and gaj&*of« 
function ittutittiotts in which exogenous <PNA se^oenocs are- inserted 
ftdgttgftt to «ttd3|fcn#u$ regulatory sequence*, fn pdocfcftu such specific 
genetic altemtiot^ mn be ittttte in any cell line growing; in ctUtate. Hwrnr, 
not all cdl types can be maintauHHi in <mlture under the condition decess&ry 
im XmtiSteGtixm and selection Over tm years ago, pluripolcnt embryonic 
stem (ES) celte d&rived from {he inner cell mass (KM) of irksiise blastocyst 
stage embryos wer^ isolated and conditions defined For ittetf jEOTfwg&tktti and 
tnamteiianee in culture (1 2). eelUs f^setnbte !CM cells in many mpeets> 
invading thdr aMlily to contribute to all embryonic tissues in chimeric mice. 
Usm£strMf3g£tit coftute eondifibiis* the embryonic davekopttieiitid potential of 
E$ ceils can be main taizs&d ioltottri^g; genetic raai^tattons m$ aCtfcr= iMny 
fK&ssages in mtm. FurthertMe, pgrnmeM mouse tines carrying geoetie alter* 
atk>n$ introduced into ES cePs eaft hfc obtained by transmitting tfe& ttSgttatksti 
ttwugjht tbe gcrmtrac by generatmg ES cell eMraeras (described in CMptm 4 
and 5), Ihm, applying gene targeting teekvoiojiy to ES celk in culture affords 
researches the opportunity to modify' codogeftOlft g£rie* and study their 
ftaictioii in yhw, h\ Mih\ $Eudic&« one of the mam cMeirages ofgeiie targeting 
was to distinguish the rare homology recombination events firoat more com* 
mo«Jy occurring random integrations (di&t&&d ki Chapter 1). Hjwsvo?,. 
advances iii cefl culture and in selection schemes, in vector consinictian using 
isogenic DNA, and in the appifcatkm of rapid screening procedures have 
tnade it pemibte m Idea tify homologous reonmhtotloa events evidently. 
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Preface 



Tarred oaiiariori of genes expressed k new system is m exciting tww resets 
f Iel4 that is forging a rcmaifcabJe amiutfsra of rnoJccolar getfefe m& befcsvtal ncw- 
^cieiicc. My laboratory in Bethel has been the fortunate t^cipietsf of visits firota mmy 
mofeciftr geneticists over die past five years, came to ask, "What* wpg with my 
Bsouse? Can ymt fell betoiors: are abnonfissl itt aw «80 raaia»fe? And how da you 

We teg had soine nm^blo c^KHtuoitieg to edli&$f8te outstanding motecuMt 
genctkte kgbeNfttfml Institutes ©fHc^IfllKHSfl^ 

tfee immse brasa- Each of &e*e eeSfaberatjans baa been a learning experienee, taking 
our ttsdefstandijig of the opted txp&tocat£ dbsign far ito&ryfcin|f behavior^ pteotypes 
of nnifcant mice, Wba* ate itie tests to address csdb specific b^patkesi&? Which mcth- 
ods mrrkbest ^ir Mce? W *at tasks csb besotted ffcrtttlcel V&at ass the correct con* 
trots? are ill* hid4c8 fMdk, linking utifiKfe &Ise pmllm* and false negatives? 
Whkfe fitat&tu^J: tests we most sensitive for dctecfe* of fce genotype effect? What b tbe 
ndfliareoait msmber of soJnuOs accessary for cacb &e&$tyj*e, g^er; a£<# ^ tofcoffitoi^ 
arid r&atay Others are gradualry worldqg osd the beast method for bc&avioriil pkcnotypiag of 
i^aasgeule aodSosoeiaautoiicc. 

It* the mm ctmvcisstioffis, mdtaifetf ^ete& fteojuently s&ed me to resommead a 
book t&c? cordd coasaJi to le^ ineffe> abCHtf to&sviaral tests fox mice. Ai^sreaily th* sci- 
entific book nafelisojers ait: receKitjEg aimlto <peri$& Aim Boyle and Edbert 3rMa&to& *t 
iatui WHey & Soas, convEttced of a fed aeed for $u$b a book awcct4alfeed me too fining 
the void. Wto* »^JJ»J<MI^ 

cists, and for the tMerded 8&tem wflQ wilitetfec next o»itig toe ifi mowing i&8 field 
forward* 

Oa ft personal tevelu I would life to express deep appjec&ti^ ft& alt of my behavioral 
towiro^ktrfkt colle&pes aroondte world for their osafetaadlfls vwte, past, prcscnt, and fu* 
tute, ^ e<>mriW<H»S to ti»c cscccElkEicc arad itotae* of m<®&& bcto&txrad teste pm-ide 

fx 



tiws tad^ion for the «B^i43y <&|HKttdifl$ astaiaft© dBscswedes fot&mmm$ ftom feetomral 
ftaotyjimg Kfcidacs cfwm^tmc and toxwfcont mice, 1%t8 book is a fesstamett* to your 



1 



Designer Mice 



U» disease i* Merited. Famlypedi^re^ indicate*!* mama donanaolscae^ UsMgt 
analyses reveal tm steongfr aasosted chronK^Hn*! locus. Mapping ideonftfS the gen*. 
The C0HA. for tbc gc»c b s^aeased. The ai&toicai aistribudostf of file pne is paicaanlx 
b th« teiiL The syii^to^ of to discos us pifcualy ncar<«ciia4«^ Hkks is 80 t»t»- 
mtt(tfof disease, Ttos disease is te&sl. 

Your tnlssioiv s ooold you choose to siocept is lo 4ewk$ * ttsatmei* fot dtaw*. 
iUpiaccment gsrifc therapy is the bt$t bopc* But yttt 4m*t koow Ihc getse geotet, ymi 
ojqdH know 14* tostioa, and ym te't Icaow if gjsse 4$kWjt maid be tli8rspe"$f£. whole 
tioycm start? 

ejdu& iB$d$ qf the tetdStaiCy ditasc, A BNA. *&asfcs*ct coatakiiiig tfiC: msffi$A ioimof the 
it^ftQi^lc gcaw is developed Tbc construct Is terted into tibc mO&Se |£S#G3c, A tine of 
lite witfe the ma&1ed gecw Is gcaiastcdL CfaH*!GfetM» of ntft&nl mfce arc ideniS&ed i& 
<^i*BUPrisD!n to matfflt&li controls* Salient dhiMSSCStisUfis Ksferaait l& hpssaa disease €^tliy3* 
tii^L These disease traits aic to used; attest variables fc* - MMnjg the c&tmmm 
of fe!stmfi3^, ftwvUw trcatmsniji at* atolalssasHl s» &c muW mice, A treatment titt $ms> 

pattmtial 1fea|>eutfc treatment fot fhe toan genetic dusem dea* fiw^iy, teed. Ott 

gene ni^cemem of tbc nrissidgotr tocorrcct geae feftfrfcHfiiHii topiary tisemctt **- 

thrafted gene tnoSsii&i* i» mk« represents a nsw teAinriqgsr tot & te¥d^oM*g biv- 
inedfcal tesmdL Tr a tt*g<ntc mica have an ezm&m sddai Am additional co$fy cf * ««- 
aaa $e»$ is inserted to^m^tK gpiKjiiifcte«WyoTO^ ^ jsmduct Or 

U tbc aberrant tea of * taan gsfce fialtodio* 4iasasc. For exangk, &e mutated form of 
the ItiniKsm hw&tgttn gcra is ftAM to the naouse gemae K> * moose model of 

Haniiftgioo's disease, KaOclsotJit once have a gme&faMt, Ute osiO raiitant homorygons 



fcaockgrut mm U tefkicm In Ixtfh idlctes of ss gene; tfac hetemvgotc is defied k owe 
of its two siMts &f the gene, The genotype is forthc nuU mtmuii, 4-/- formic het- 
eitizygotc, and •M* for the wH&$$6 normal control. Tbe ptofllyiie is th$ yet of ob- 
served cnaRteter&tfcs resulting Horn ifaa routaliop, PIwdq^s hWkde bioefcKmdcaL 
MlmtucaV ptr^^Jegii^il and ©harac4e*istk;$. 

Targeted mm*ttem$ of genes $xam&cd jjj the bpsift tire revealing 0» mesharasini tm<ter* 
lyM*# itocmal behavior oivd betoto^ abnanna!iiic& Mouse models of human neqroiny- 
chbtHc disf ttsw, wefe & Atdusbner^ disease* Paifcitts&nk disease^ Paitfra^nnlB disease, 
amyotrophic lateral seteiofiis, obesity, aticirtxia. depression, alcoholism, drag addiciiwt, 
sebke^btfcaia, and ama&fjv m Ifcely 10 H cfe&rac&a&cd by (Mtk befeavloeaj pbettotype 

T&ia book is designed te introduce th$ oovfcc to ifac rich literature of twM&ai tests in 
micr and £o dhow how to of&nize ihs apjOfatka ofitae tests fiw bctiaviored fif linotyping 
of mutant mice, Erased on our eftgHkocKS*. our lataatary is working !mm& & imiftcd ap- 
p*$acb for the optimal contact 0f behavieuBl jiheafiiypisg expedincirts in mtU»m rake, 
E^mmcndatiafts offered for a ifowHicrcd secp&ase of betokxr&l tests* applicable to 
each hetoioini domain relevant to ggoes expressed in niammalbn tote. 



SCOPE 

fbas book is d*$t|?ied as an omtitw of moose tschoology and m Mxo^tdm 

to the field of behavioral Be^tseletioc, as it cgtft a^ised t$ beba^ioiaiptwoot^kg of 
transgenic and tosoctart mice. Moleoiiar geae&c&is may brow$$ itoogli &e chapters rcl- 

no C^^tofi* wiihiBSi&att tnice-may m&in fcad afeoui ijg: mcafioda fat developing a t&uis-- 
gcoip or feaockout, the testa-ford tests tfe&i. bswe been «&&iivcly end seme of ihe 

suecsssftd ea^oiiacsnts gd*lfcfeed in the gme&es 1§terst*&& 

Chapter 9ie Organized aroutid behavioral domains, iadidtng gcaesal hesJth, reaiolog- 
M fleflcseGS, telspmcntal miegfones, mo^ tetions^ m$&y abalilks, Pandas and 
men^ foedis^, sexual and p^eoial bctoiw^ aXKriaJ bc^aviOKs!, aatdl ixsdcm paratKgms 
TBlevacit lo feu; anxteiy, dejurssio^^ seMEopijaieK^, reward, and d^,g adkMctiaa. Eadi ciiap- 
ter fesg&a ^iii a bricifliMKiay of^ ear^ wail; in ikU and the p^^cni hypotb^s nhaut 

bwjka Is oflfet^d for «ach ^pic^ cfficoumgltiqg die interested reader to mem in?d8pfa 

Standaid tests art then pmwted m dctzih Klgbtigbted are Chose tasks dsst feavc bec^ <x» 
imlwe^ lift miGC4 tolerations of oomfxmm Of task pcrfbuftiance a^© 

described, iiKiading ©?p«imc»t3 oottipaimg mbi^ed Sfaaias of mice (strain distffb'utioosX 
quantitative feait loci ^jftMichcs (li^sa$<5 «nal>*sts}^ a&d natmaJly iwxatriflgsiiitaftts {$p<m- 
fencous niuiatiaos), Ej^eflmcnSal and ajscci flc bcbaviqml mks urc nres^1*d as 

Sitnp3y as possible.. Ext^ftth* rcfcrctt«<$ arc tncWcd for ea^^tifftfiaiai test to obtain 
«a&rc com^kte mrtbods the pdansry CJtpcritncfltal Eten^uic otn the fspfa 

fllt^nitigfls ^rc pim«tdcd for the mast fiaqifieatly used bcfeavioial tasks, ^wtogs^lj* of 
tbe equipi»ct«: dingrafm of &c task a)OCsm|ia£ny ti*c tm« Sainptes of <Eata arc showtL tfec 
dais {jfcflcatate is ales^ftjed to indlcaic qualitative and^psantEtHtiv* moks that e«a be 
expected wbcii Oxe task lp pd^dy conduced 

Eadi cfiapt^r JftcjudCiS to results of sevetfftl rcgce^eKitalivc acpcrii»$»ls in w&icb toe 
tasks 4»e«K^c$sMty applied to diaiact^iase? feraiif?g«auc a«4 toiocfcout nUc« ( Ejcam^lei «te 



WHAT'S 
WRONG 
WITH MY 

MOUSE 

? 

. #— — — - 

Transgenic and knockout mutations provide an important means for understanding ger,e 
function, as well as for developing thexapfcsfor genetic diseases. This engaging and informative 
book discusses the many advances in the field of transgenic technology thai have enabled 
researchers to bring about various changes in the mouse genome, £qusl emphasis is given to 
both the principles of transgenic and knockout methods and their applications. A cleaf and 
concise Format provides researchers with a comprehensive review of the behavioral paradigms 
appropriate for analyzing mouse phenoty pes. 

Whot's Wrong mth My blouse? explains the differences between transgenic knockout mice and 
their wild-type control while providing critical info*«iation about gene function and expres- 
sion* This volume recognizes that newly identified genes Can provide useful fnsfghts into 6*ain 
functioning, including brain malfunctioning in disease states. Written by 3 world-renowned 
expert in the feeld. the mater is I also covers: 

* Hdw to generate a transgenic 0* knockout rne&& 

+ Motor functions |open field, holeboa/d, rot; a rod, balance, grip, arcadian activity, etc.} 

* Sensory abilities [olfaction, vwon. hearing, taste, touch, nociception) 

* Reproductive behavior, social behavior, and emotional behavior 

Researches rn neuroscience. pharmacology.. genetics, developments! biology, and cell biology 
will all find this book essentia! reading. 
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